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Summary 
 
The present thesis aims to investigate the cognitive processes involved in learning two 
languages simultaneously. Early bilingual exposure might induce changes in specific 
domain-general or domain-specific mechanisms, which might have an impact on how 
bilingual language acquisition proceeds and also on other domains of cognitive 
development.  
Learning the vocabularies and the grammatical rules of two languages can be maximally 
efficient if young learners successfully separate and distinctively represent the two 
languages. In the first series of studies we investigate the mechanisms that bilingual 
infants may recruit to efficiently deal with a bilingual input. We explore the hypothesis 
that exposure to a bilingual signal affects the development of cognitive abilities involved 
in monitoring two languages early on. Previous research has suggested that bilingual 
speakers have enhanced cognitive control due to the extensive use of control while 
speaking one language and inhibiting the other (Bialystok et al., 2004). In contrast, here 
we ask whether processing two languages at a preverbal age would enhance the 
development of domain-general executive control abilities (Experiments 1-4) in the 
absence of any production. Bilingual infants may monitor and switch attention between 
the representational sets corresponding to the two languages well before they start to 
speak. This will serve an efficient acquisition of the two languages and will also result in 
an acceleration of executive control development. Well-developed executive control 
might lead in turn lead to an advantage in dealing with conflicting linguistic and non-
linguistic representations.  
 11 
 
The second series of experiments explores how monolingual and bilingual infants learn 
conflicting regularities from bimodal speech-like stimuli. In seven experiments 
(Experiments 5-11) we investigate the mechanisms involved in extracting regularities 
from an input that contains multiple data sets, such as adjacent and nonadjacent 
repetitions (AAB and ABA patterns), or a repetition-based pattern and a diversity-based 
pattern (ABA and ABC patterns). 
In the last experiments presented in the Appendix we ask whether an improvement in 
executive functions (EF) would be reflected in a better performance of bilinguals in 
reasoning about conflicting mental states, since such abilities might play a crucial role in 
performing on these tasks (Experiments 12-13).  
We conjecture that an improvement in EF abilities takes place in bilinguals during the 
first few months of life and much before active language production begins. Thus, the 
early processing of two languages may result in a domain-general boost of the executive 
control system that will also have an impact on the development of other cognitive 
domains. 
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“Performance is an effect of interactions between 
 productive competence and restricted resources”  
Fodor & Pylyshyn, 1988  
 
CHAPTER 1  
 
Introduction  
 
1.1. Early mechanisms in the service of language learning 
 
 
1.1.1. Powerful language discrimination abilities young infants 
 
Exposure to multiple languages is a very common phenomenon even during early 
childhood. Learning just one language is a major accomplishment in itself, but the 
challenge for infants born in multilingual environments must be greater still. Both 
monolingual and bilingual infants have to process speech signals to acquire language. 
However, only bilinguals are exposed to utterances from two languages. If they were 
unable to sort utterances into the different source languages, bilingual children would 
present considerable learning difficulties and display delays. However, such delays and 
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confusions are rare or inexistent (Genesee, Nicoladis, & Paradis, 1995; Pettito et al., 
1998). Thus, infants may possess early abilities to monitor and segregate the linguistic 
input into categories.  
Specific mechanisms, such as an automatic rhythmic clustering of the languages may 
allow the differentiation of two languages, even when both are unknown to the listener 
(Abercrombie, 1967, Pike, 1945, Ramus & Mehler, 1999). Indeed, infants possess 
impressive language discrimination abilities already a few days after birth, distinguishing 
different languages based on their prosodic properties (Nazzi, Bertoncini & Mehler, 
1998; Ramus et al., 2000). Evidence suggests that discrimination abilities are constrained 
by the specific rhythmic properties of the languages that have been shown to correlate 
with measures of syllabic complexity and vocalic ratios. Indeed, the distribution of 
vowels and consonants correlates with infants' discriminations (Mehler et al., 2004). In a 
paradigm involving a speech resynthesis technique with adult participants, Ramus & 
Mehler (1999) studied the role of different acoustic cues (phonotactics, syllabic rhythm, 
and intonation) in language discrimination. They have found that syllabic rhythm is a 
crucial cue for French adult subjects to discriminate English and Japanese delexicalized 
sentences, which preserved only the rhythmic characteristics of the languages.   
Indeed, two languages that share prosodic similarities (such as English and Dutch) are 
also difficult to discriminate by young learners, actually French newborns failed to show 
such differentiations (Nazzi et al., 1998) and so did a subgroup of 2-month-old English 
learning infants (Christophe & Morton, 1998, see Table 1.).  
Infants from bilingual environments may be exposed to two languages either from the 
same or from a different rhythmic class. In order to acquire both languages, infants must 
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characterize the linguistic input they receive. On the one hand, learning two rhythmically 
close languages might delay the process of acquisition, since infants will not benefit from 
rhythmic differences to build separate representations for the two languages. On the other 
hand, no such delays would occur when the languages differ in rhythm. However, 
previous evidence suggests that by their fourth month of age infants can also tell apart 
two languages that have similar rhythmic characteristics (e.g., Catalan and Spanish, 
Bosch & Sebastián-Gallés, 1997; Bosch & Sebastián-Gallés, 2001).  
 
Study Participants Language pairs Discrimi-
nation 
 
Nazzi, Bertoncini  
& Mehler, 1998 
 
French newborns 
Low-pass filtered  
-English-Japanese 
-English-Dutch  
-English +Dutch vs. 
Spanish + Italian  
 
√ 
X 
 
√ 
 
Ramus et al., 2000 
 
 
French newborns 
- Natural Dutch- 
Japanese 
-  resynthesized Dutch- 
Japanese 
 
√ 
 
√ 
 
Christophe & Morton, 
1998 
 
2-mo-old Eng. 
monolinguals 
-English-Japanese 
-English-Dutch 
-French-Japanese 
-Dutch- Japanese 
√ 
X 
X 
    √(X) 
 
Bosch & Sebastián-
Gallés, 2001 
4-mo-old Spa. 
monolinguals 
4-mo-old Cat.-Spa. 
bilinguals 
 
-Catalan-Spanish 
 
-Catalan-Spanish 
 
√ 
 
√ 
 
 
Table 1. Early discrimination abilities in monolingual and bilingual infants 
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Thus, infants learn to make fine-grained discriminations even if the prosodic features of 
the languages are similar. This happens because any two languages may also differ in 
various other properties (e.g., phonetic repertoire, phonotactic constraints). For instance, 
Italian and Slovenian have very different phonotactic properties. While Slovenian allows 
complex consonant clusters in codas or even in a single syllable (e.g., “Trst”, the 
equivalent of Trieste), Italian does not. Young bilingual infants were shown to be 
sensitive to the phonotactics of their languages very early on (Catalan and Spanish, 
Sebastián-Galles & Bosch, 2002). 
Separating languages is an important prerequisite for efficient language learning (Mehler 
& Christophe, 1995). The above evidence suggests that infants exposed to two similar 
languages from birth show a prelexical distinction of these languages. Such powerful and 
early abilities may allow bilingual children to avoid delays and confusions and to reach 
the linguistic milestones at the same time as monolinguals (Pearson, Fernandez & Oller, 
1993; Petitto et al., 1998).  
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1.1.2 Language processing and the underlying brain circuits in the 
first months  
 
 
Acquiring language is one of the most impressive accomplishments young children 
achieve. Human infants learn their native language(s) with an incredible speed and 
facility that contrasts sharply with the difficulty of adults learning a new language. 
However the mechanisms that allow such a fast learning at a young age are still an issue 
of debate. One of the most influential accounts developed by Chomsky (1957) suggests 
that humans are endowed with innate abilities for learning language. To study the initial 
state a number of studies have explored the onset of language learning with diverse 
behavioral and brain imaging techniques.  
One of the main questions raised was whether the same the brain networks are involved 
in language processing in young infants as in adults. Diverse studies with adult 
participants have established that the adult brain involves a special network for language 
processing that is lateralized to the left hemisphere’s perisylvian areas. For instance, the 
left Broca’s area was claimed to be specifically involved in long distance dependency 
detection and rule-based language learning (Ben-Shachar et al., 2003; Friederici 2004; 
Musso, et al., 2003).  
In the absence of brain imaging techniques suitable for infant studies, behavioral studies 
performed twenty years ago provided evidence that similarly to adults, language might be 
processed in the left hemisphere also by the infant brain. For example, studies with 3 
month olds using the orienting response have reported a right ear advantage, and thus left 
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hemisphere superiority for speech stimuli (Best, 1988). In the same vein, a further study 
using nonnutritive sucking response with 2-weeks-old infants found a right ear advantage 
for speech but not for other auditory stimuli (Bertoncini et al., 1989).  
More recently, Near Infrared Spectroscopy (NIRS) experiments performed on neonates 
suggests that the human brain is organized in such a way that homologous brain areas 
respond to speech stimuli at birth that are also involved in language processing in adults 
(Pena et al., 2003). This study has shown that already at birth the perisylvian regions of 
left hemisphere activate differentially to speech and to reversed speech stimuli. The 
authors have concluded that human babies are born with left hemisphere superiority to 
process specific properties of speech.  
Other studies, using fMRI with three-month-old infants have found similar left 
hemisphere activation for normal speech, but not for the backward speech in the planum 
temporale, angular gyrus and frontal regions (Dehaene-Lambertz et al., 2002). In a 
further fMRI study, Dehaene-Lambertz et al. (2006) found a functional organization in 3 
month-old infants that is similar to the one observed in adults. This study applied an 
event related design with repeated sentences that activated a specific network in the 
perisylvian areas of the infants’ brain. The results revealed a sequential organization of 
activations in the superior temporal and inferior frontal regions and a repetition 
enhancement effect in the left inferior frontal areas. Furthermore, a very recent study 
using NIRS has shown that the brain of a neonate is equipped with a network that 
involves specific areas in the left anterior regions and allows the detection of repeated 
syllables in linguistic stimuli and possibly also a generalization of these patterns into 
more abstract representations (Gervain et al., submitted). Taken together, these studies 
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provide strong support for the notion that early on, the infant brain is organized in such a 
way that it involves a special network for processing speech stimuli that closely 
resembles the network that is used by adults for the same purpose.  
 19 
 
1.1.3. Language specific reorganization: loosing non-native 
phonetic contrasts 
 
Young infants do not only show incredible language discrimination abilities based on the 
rhythmic properties of languages, but they are also highly proficient in making fine-
grained discriminations of specific speech sounds that non-native adult speakers of a 
language are not able to perform. Till around their first year of age, infants seem to be 
“universal phoneticians” and were shown to be able to distinguish both native and non-
native contrasts, while adults do not succeed with the latter ones (Werker, Gilbert, 
Humphrey, & Tees, 1981). Young infants thus show an ability to distinguish all the 
phonemes found in the world’s languages (Eimas et al., 1971; Werker & Tees, 1983) 
However, linguistic experience can radically change the ability to discriminate speech 
sounds, a phenomenon which was attributed to an interference effect coming from the 
native language (Kuhl, 2000). Adults’ discrimination ability becomes constrained by the 
specific language they are exposed to, and they show difficulties in perceiving foreign 
language contrasts (Kuhl et al., 1992; Kuhl, 2000; Werker & Tees, 1984). In the second 
half of their first year, infants’ discrimination abilities seem to get specialized for the 
acoustic contrasts that are relevant in their native language and stop distinguishing certain 
foreign contrasts. The input language, however, seems to affect the perception of non-
native distinctions differentially for consonants and vowels, a specialization occurring by 
6 months for vowels (Kuhl et al., 1992; Polka & Werker, 1994) and by 8-10 months for 
consonants (Werker & Tees, 1984). 
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Such changes in perceptual sensitivity might reflect a functional reorganization that 
occurs due to exposure to the functional categories of the native language (Werker & 
Yeung, 2005). However, such reorganization might not necessarily imply a complete loss 
of discrimination abilities. Data obtained using electrophysiological measurements 
suggest that both the adult and the infant brain remains sensitive to non-native phonetic 
differences, although one might find no behavioral evidence that this discrimination is 
used for linguistic purposes (Rivera-Gaxiola et al., 2000, 2005). 
This system shows a flexible specialization, since with specific training both adults and 
infants can quickly regain their discrimination abilities for specific non-native speech 
contrasts (Rivera-Gaxiola et al., 2005). Such flexibility seems to be a domain-general 
feature of the neural system, since it was observed also in the visual domain (Pascalis, de 
Haan, & Nelson, 2002). Human infants loose the ability to discriminate non-conspecific 
faces by the end of the first year, however, this ability similarly to the phonetic 
discrimination ability is not completely lost but can be regained with a short exposure.  
Even though there is evidence that the ability to discriminate foreign speech sounds can 
be regained with training, studies with bilingual infants challenge the view that mere 
exposure is enough to maintain the capacity to perceive specific speech contrasts (Bosch 
& Sebastian-Galles, 2003). In this study the authors found that while four-month-old 
Spanish or Catalan monolingual and Catalan – Spanish bilingual infants could 
discriminate a vowel contrast that exists only in Catalan, eight-month-old Spanish 
monolingual and bilinguals failed to do so and only Catalan monolinguals succeeded. 
Seemingly, the simultaneous exposure to phonetic contrasts that exist in one language but 
not in the other, shapes the perceptual system in a differently than does successive 
 21 
exposure to such contrasts in laboratory conditions. However, Bosch & Sebastian-Galles 
(2003) also showed that by their twelve months bilingual infants regained their 
discrimination abilities. The authors concluded that these results suggest a specific 
developmental pattern of perceptual reorganization in infants exposed to two languages. 
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1.2. Milestones of bilingual language acquisition 
 
 
The so-called paradox of bilingual language acquisition (Petitto et al. 2001) refers, on the 
one hand, to the amazement of parents and scientists when observing how effortlessly 
children acquire two or more languages. On the other hand, it also captures the worry that 
exposing children to two languages might result in language delays and confusion.  
Capturing these issues, two main theories have been formulated regarding bilingual 
language acquisition. On the one hand, it was proposed that in the early phases of 
bilingual language acquisition children form a ‘unitary language system’ for the two 
languages, and they begin differentiating them only by the age of three (Leopold, 1978; 
Volterra & Taeschner, 1978). Proponents of this account accept as evidence findings that 
in the one-word stage bilingual infants have few semantically corresponding words 
across their two languages (Volterra & Taeschner, 1978) or that around the age of two 
bilinguals frequently mix words from both languages in their multiple-word combinations 
(Vihman, 1985). Such a unitary account would also predict delays and confusion in the 
bilingual language acquisition. However, such delays are not usually observed. Even 
though there might be differences in the vocabulary sizes of monolinguals and of 
bilingual children in one of their languages, however, bilinguals have been found to reach 
the basic milestones in acquiring both of their languages (first-word stage, first 50 words, 
and two-word combinations, see Table 2) at the same time as monolinguals (Pearson et 
al., 1993). Seemingly, bilinguals achieve the linguistic milestones in both of their 
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languages at the same age as monolinguals do, even if the languages belong to different 
modalities (English and French or Sign Language and French; Petitto et al. 2001).  
 
Study Participants 1st-word stage 1st  5o words 1st two-word 
combination 
Vihman & 
McCune, 1994  
English 
monolinguals 
1 year (range: 9 
mo -14 mo) 
 
- 
 
- 
 
Petitto, 1987 
English 
monolinguals 
 
- 
1.6 years 
(range: 1.5-
2.2) 
1.7 years 
 
Pearson et al., 
1993 
English 
monolinguals 
English-Spanish      
bilinguals 
1 year 
 
 
1.1 year 
1.6 years 
 
 
1.7 years 
1.7 years 
 
 
1.8 years 
 
Petitto et al., 
2001 
-English-French      
bilinguals 
-Sign Language-
French biling. 
 
1.1 years 
 
10 mo 
 
1.6 years 
 
1.6 years 
 
1.7 years 
 
1.5 years 
 
 
Table 2. Linguistic milestones in monolingual and bilingual children 
 
Moreover, it has been also found that contrary to the earlier claims that young bilinguals 
do not produce translation equivalents (Volterra & Taeschner, 1978) such equivalents can 
be found already in the one-word stage and actually the early vocabularies of bilingual 
children consists on average of 30 % off such utterances (Pearson et al., 1995). 
Additionally, recent studies suggest that bilingual children, who are exposed to 
approximately equal input in the two languages, mix the languages only if they hear 
language-mixing from their parents, but have no difficulties in keeping the language 
systems separate (Genesee, Nicoladis, & Paradis 1995).  
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Such findings led to the formulation of a ‘differentiated language system’ hypothesis, 
which claims that young bilinguals construct two distinct representational systems 
corresponding to the two languages very early on. However, the mechanisms, which 
allow such differentiations are still little studied. 
The finding that the pattern of the bilingual language acquisition is fundamentally similar 
to the monolingual one leads us to think that bilingualism does not seem to alter the 
course of the normal development. However, even if language acquisition seem s to be 
alike in monolinguals and bilinguals a fine inspection might uncover changes in some 
cognitive systems. Mechanisms of attention, inhibition and selection might be used to a 
greater extent when dealing simultaneously with two languages.  
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1.3. Changes in the cognitive system and in the brain networks 
as a result of dealing with two languages  
 
 
There is no doubt that the human brain can acquire two or more languages at different 
stages of development. The studies investigating how the bilingual brain deals with two 
languages in adulthood provide important insights about what might be happening during 
the developmental process. Early and late bilinguals are actually faced with the two 
languages in diverse stages of brain maturation and cognitive development, which may 
predict differences in language processing and in the neural substrates for the languages 
between the two populations. Actually, the interest of this field of research is twofold: 
one is related to the issue of brain plasticity and focuses mainly on the negative 
correlation between brain maturation and second language proficiency. The other 
addresses the question of differential brain specialization and investigates whether a new 
language engages brain regions that are different from the ones serving the first language, 
or the two languages are actually processed by the same neural substrates. 
Addressing the first issue, it was found that adults out-perform children in the initial 
phase of learning second language (Snow et al. 1978). However, the vast majority of 
research data indicates that those who have started learning a second language early in 
their childhood achieve higher levels of proficiency (Johnson & Newport 1989; Newport 
1990). Various theories have been formulated to explain the phenomenon of an apparent 
critical period for acquiring different aspects of a new language. According to a 
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maturational hypothesis, the language acquisition capacity declines during development 
due to changes in specific brain structures that lose their plasticity. Johnson & Newport 
(1989), studying Chinese and Korean immigrants, found a linear relation between the age 
of arrival to the United States and the level of language proficiency in English. According 
to their data, the language acquisition ability shows a clear decline up to puberty and 
reaches a plateau afterwards. Moreover, only those who learnt the second language 
before the age of 6 showed a performance comparable to native speakers.  Alternatively, 
the “less is more” hypothesis, proposed by Newport (1990), suggests that young 
children’s limited information processing and working memory capacities could be the 
reason why they acquire a new language more easily. These limited capacities form a 
“narrow window” that constrains the amount of information entering in the 
computational system, but at the same time allows a better analysis and faster processing 
of the data that actually gets in.  
Recently, Pallier et al. (2003) found data that might shed new light on the critical period 
hypothesis. In their study, adults of Korean origin who were adopted by French families 
(between ages 3 and 8) showed no recollection of the Korean language in behavioral tests 
and no specific brain activation when compared to a language they had never heard. 
Nevertheless, when tested with French they showed an identical pattern to native 
speakers of French. The authors argued that the plasticity of the language system can be 
extremely high even in middle childhood and early linguistic influences remain malleable 
to redescription for quite a long period.  
 The second issue, related to the representation of the two languages in the 
bilingual brain, has been a subject of great debate over the last ten years. The data derived 
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from neuroimaging and electrophysiological studies have provided ambiguous results, 
therefore it seems hard to establish if there is a common cortical substrate within which 
all languages operate. The main question remains whether multiple languages are 
represented in overlapping cerebral regions within the language dominant hemisphere, or 
whether the cerebral representation of a second language differs fundamentally from that 
of the first as a function of age of acquisition and/or attained proficiency (see for a 
discussion Perani et al, 1999; Wartenburger et al, 2003). 
Studies found evidence suggesting that the same brain areas are responsible for the two 
languages in both early and late bilinguals (who started learning their second language 
after the age of 6; Chee et al.1999; Illes et al. 1999; Klein et al. 1995; but see also Perani 
et al, 1999). This data does not seem to support the hypothesis that a language learned 
later in life is represented differently from the native language.  
However, other findings propose important differences in how the brains of early and late 
bilinguals represent the two languages. Performing fMRI during picture naming or 
sentence generation tasks, Hernandez, Martinez, & Kohnert (2000) and Kim et al. (1997) 
found that early bilinguals showed activation in corresponding brain structures, while late 
bilinguals showed differential activation as a function of languages. The latter finding 
was also sustained by different ERP results (Weber-Fox & Neville 1996). Interestingly, 
diverse activation pattern was also found in early bilinguals for the two languages while 
they performed a grammatical decision task (Proverbio, Cok, & Zani 2002).  
Although the majority of the research in the field tries to relate bilingual processing to 
functional changes in the brain, there have been attempts that link bilingualism to 
structural changes on the neuronal level. Mechelli et al. (2004) have shown that bilingual 
 28 
adults have greater gray matter density in specific brain areas (left inferior parietal 
cortex) than monolinguals. This structural reorganization was found to be more 
significant in early bilinguals (who learned the second language before the age of 5) 
when compared to late bilinguals, even if both groups used the two languages on a daily 
basis in the last five years preceding the study.  
Hence, the main challenge remains to determine what a structural change and a possible 
differential localization and functional organization mean for the cognitive system, and 
additionally, to assess which mechanisms sustain these adjustments in the course of 
development.  
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“It is the mark of an educated mind to be able 
 to entertain a thought without accepting it.” 
Aristotle 
 
CHAPTER 2 
 
Processing a bimodal linguistic 
input enhances inhibition in infancy  
 
 
How does the infant’s developing cognitive system manage to deal with utterances 
belonging to two different languages? What is the impact of receiving such a complex 
linguistic input on the development of diverse cognitive abilities? This chapter aims to 
investigate how “crib bilingualism” might affect early development by studying seven-
month-old bilingual and monolingual infants on tasks developed to test inhibitory control 
abilities. 
Processing continuously two languages may result in specific changes of the cognitive 
system and also in structural reorganization at the neuronal level (Mechelli et al., 2004). 
Neuroimaging data have shown that bilingual adults seem to have greater gray matter 
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density than monolinguals in certain brain areas (left inferior parietal cortex, Mechelli et 
al. 2004). Such reorganization was more pronounced in participants who acquired the two 
languages early in life. Moreover, behavioral studies suggest that mastering two 
languages from an early age influences certain domains of cognitive functioning; 
bilingual adults and preschool-aged children display enhanced cognitive control abilities 
(executive functions) due to practice in suppressing one language while speaking the 
other (Bialystok, 1999, Costa, Hernandez & Sebastián-Gallés, in press). However, how 
early this bilingual advantage starts was not investigated previously. 
We conjecture that bilingualism may boost executive control before children start 
producing words, due to the monitoring of the bimodal linguistic input. Bilingual 
language acquisition is characterized by the distinct learning of the patterns and 
regularities that belong to each of the languages (Pearson et al., 1995). To learn two 
different languages, bilinguals have to sort the speech utterances according to the source 
languages. When two languages differ rhythmically, these differences provide salient 
cues for distinguishing them precociously. Indeed, few days after birth infants can 
distinguish two languages if their rhythms differ (Mehler et al., 1988; Ramus et al., 2000; 
Nazzi, Bertoncini & Mehler, 1998). When two languages share rhythmic properties, 
infants learn to distinguish them around their fourth month of life (Bosch & Sebastián-
Gallés, 1997).  
However, in order to keep the two representational sets separate and avoid conflict and 
interference between the two language systems young learners might recruit complex 
control processes. Bilingual language learning might also involve a continuous switch of 
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attention between the two systems. An early and extensive use of executive control in 
young bilinguals might thus lead to an accelerated development of the involved abilities. 
Four eye-tracker studies were carried out to compare 7-month-old monolingual and 
bilingual infants on tasks involving inhibition. In all studies infants first had to predict the 
appearance of a visual reward on one side of the screen following a cue. After nine trials 
they had to overcome the previously learned response to predict the reward on the 
opposite side of the screen. The visual rewards could be preceded by speech-like cues 
(Experiment 1) or by visual cues (Experiment 2). In Experiment 3 we doubled the 
number of trials (from 9 to 18) in the second phase. In Experiment 4 we used speech-like 
cues similar to Experiment 1, except that we changed the structure of the cues. The task 
we used in all four experiments requires efficient inhibitory abilities to rapidly switch 
from a previously learned motor response to a new response that is opposite to the first 
one. 
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2.1. Executive function development in monolinguals and 
bilinguals  
 
2.1.1. The role of executive functions  
 
To flexibly assign different relevance to patterns of the input we have to make use of 
efficient monitoring and control abilities that are part of the “executive functions” (EF, 
Burgess, Veitch, de Lacy Costello, & Shallice, 2000; Norman & Shallice, 1986). The 
umbrella term executive functions is used to refer to cognitive processes responsible for 
high-level action control, monitoring, response selection and inhibition of habitual 
responses. A functional model of these control functions was first described by Norman 
& Shallice (1986). They distinguish two stages: the contention scheduling that entails the 
inhibition and activation of routine actions; and the supervisory attentional system, which 
is involved in tasks requiring planning and in overcoming strong habitual responses.  
Though executive functions show a well-defined developmental pattern from infancy to 
adulthood (Casey et al., 1997; Diamond, 1985), experience that provides opportunities 
for an extensive practice with such abilities may lead to important improvements 
(Bialystok, 1999; Kloo & Perner, 2002). Previous research has suggested that one such 
conjecture would be the continuous switch between two language systems, where in 
order to produce utterances in one language, bilingual speakers have to inhibit the 
corresponding translation equivalents in the other language (Crinion et al., 2006; Green, 
1999).
 33 
 
2.1.2. Sharpening executive functions through language switching  
 
 
The daily practice with language switching could result in specific changes in the 
cognitive system. Bialystok (1999) found that the experience gained during continuous 
language selection and inhibition leads to advantages in performing tasks that require 
inhibitory functions already in preschool children. Studies with adults have documented 
similar advantages for bilinguals (Bialystok et al., 2005). These studies were motivated 
by the conjecture that bilinguals may involve the same mechanisms for language 
switching that they recruit when solving different executive function tasks, such as the 
Stroop task, Simon task or the ANT task.  
To communicate efficiently, bilinguals have to control which of their languages they 
currently use, and possibly inhibit the lexical items of one language when switching to 
the other (Green, 1999). The practice bilinguals have in managing the two languages may 
lead to more efficient executive control. Indeed, bilingual adults outperform 
monolinguals on diverse EF tasks1; i.e. they show reduced interference effect in a Simon 
task (Bialystok et al., 2005), and better attentional control and reduced task switching 
costs in the Attentional Network Task (Costa, Hernandez & Sebastián-Gallés, in press). 
The bilingual advantage in executive control tasks seems to persist from young adulthood 
even to elderly ages (Bialystok, Martin & Viswanathan, 2005).  
                                                
1 Extensive descriptions of different EF tasks are provided in the following part. 
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Data coming from lexical access studies suggest that the extensive practice in language 
switching and control leads to a superior performance when switching to a third language 
(Costa & Santesteban, 2004). Furthermore, the onset of the exposure to two languages 
seems to determine the extent to which EF is enhanced. Dual-task situations, where 
bilinguals are required to switch language and perform an attentional shift at the same 
time, seem to overtax the processing resources of late bilinguals but not that of the early 
bilinguals (Kovács & Téglás, 1998, 2005).  
Indeed, there is evidence that bilingualism affects the development of EF already in 
childhood. Bilingual four- to five-year-olds, for instance, perform better than their 
monolingual peers on tasks that require the inhibition of a previously learned rule 
(Bialystok, 1999) or imply motor conflict (Bialystok, 2005; Bialystok & Martin, 2004). 
One of the typical tasks for assessing executive function development in young children 
is the Dimensional Change Card Sorting Task (DCCS – Frye, Zelazo & Palfai, 1995). In 
this task the children have to sort cards according to one of two rules (e.g., shape or 
color). First children are asked to sort the cards according to one rule (e.g., shape). Then 
the rule changes and they have to sort the cards according to the other rule (e.g., color). 
Typically, children younger than 4 years of age have difficulties in sorting according to 
the second rule, since they cannot inhibit very well the first rule and are not yet able to 
deal efficiently with two conflicting rules (Diamond, 2002; Frye, Zelazo & Palfai, 1995). 
Comparing monolinguals and bilinguals, Bialystok (1999) investigated whether bilingual 
3-to-5-year-olds display an advantage performing such a card-sorting task. The results 
show that bilingual children performed better than monolinguals, suggesting that 
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bilingualism has a positive impact on the development of executive functioning, possibly 
as a result of the constant switching between the two languages.  
For an adequate performance on these card sorting tasks, children have to be able to 
represent the different dimensions of the objects (e.g., color and shape), keep in mind the 
two rules, inhibit the first sorting rule and apply the second rule. A recent study 
investigated whether bilinguals’ advantage arise from superior representational abilities 
to encode and represent the dimensions of the task stimuli, or from their superiority at 
inhibiting salient but irrelevant perceptual features (Bialystok & Martin 2004). In this 
study, in addition to the color and shape sorting criteria, two abstract semantic 
dimensions were introduced, e.g., “things to play with” and “things to wear”. The data 
seem to support the proposal of an inhibitory advantage in ignoring previously salient 
perceptual information. Bilingual children outperformed monolinguals on sorting tasks 
where the target was a perceptual feature (color or shape), but not on versions of the task 
where the target dimension was an abstract semantic feature (“things to play with” or 
“things to wear”).  
Further evidence for better-developed inhibition in bilingual children comes from a study 
involving the Simon task (Bialystok, Martin & Viswanathan, 2005). This is a nonverbal 
spatial task that relies on stimulus-response compatibility, comprising congruent and 
incongruent trials. Participants have to respond to one stimulus with one hand and to 
another stimulus with the other hand, irrespectively of the stimulus location (left/right). In 
the incongruent trials the irrelevant location of the stimulus (e.g. left) interferes with the 
motor response that has to be performed by the right hand, leading to slower reaction 
times. Instead, in the congruent trials there is no interference. The stimulus appears on 
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right side and the response has to be performed by the right hand. Three groups of 
bilinguals (5-year-olds, middle-aged adults, and older adults) showed faster reaction 
times compared to matched monolinguals on the incongruent trials. Interestingly, 
bilinguals also showed a better performance on the congruent trials that presumably did 
not require inhibition. Bialystok, Martin & Viswanathan (2005) argue that this effect 
might be due to the fact that switching attention between congruent and incongruent trials 
involves executive functions so some extent. Thus, better inhibitory abilities might be 
reflected in a general enhancement that extends to both congruent and incongruent trials. 
These results fit well with the view that practice in switching the language of production 
explains the origin of the bilingual advantage in EF, since bilingual children are able to 
efficiently switch between languages before the age of 4 (Genesee, Nicoladis, & Paradis, 
1995). While these studies with adults and children seem to support that actively 
producing sentences in different languages results in improved executive functions, it is 
little studied whether a comparable enhancement results from exposure to utterances of 
two different languages in the absence of overt production.  
Processing utterances belonging to two different languages may already be sufficient for 
the enhancement of such abilities. Hence, an EF advantage might exist even in bilingual 
infants who are not yet able to produce words.  
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2.1.3. Inhibition development in infancy: overriding prepotent 
responses 
 
 
The fast learning of new regularities by neglecting or overwriting the old ones is crucial 
for adjusting our behavior to the changing requirements of the environment, and thus for 
the success of our daily activities in different domains (Burgess, Veitch, de Lacy 
Costello, & Shallice, 2000). This presupposes the ability to monitor and concentrate 
resources on one aspect of the environment at a certain time point, but preserving the 
ability of withdrawing and inhibiting exclusive focus on one thing. Only then can one 
resist prepotent responses triggered by salient aspects of the stimulus or by behavioral 
habit.  
However, the ability to select between competing attentional and behavioral responses 
and override them was shown to have a slow development. These abilities actually reach 
adult levels only towards the puberty (Bunge et al., 2002; Casey et al., 1997; Durston et 
al., 2003), with important improvements around the age of four (Gerstard et al., 1994; 
Zelazo et al., 1996).  
The increasing efficiency in control and inhibition was linked to the gradual maturation 
of the frontal lobes (Casey et al., 2002). For example, diffuse prefrontal cortex activity 
was observed in children compared to adolescents and adults while performing diverse 
executive control tasks, even when behavioral performance across groups was equated 
(Casey et al., 1997; Casey et al., 2002). Moreover, children with developmental disorders 
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such as ADHD (Casey et al., 1997) or Tourette syndrome (Leckman et al., 1987), also 
show a disruption of executive control abilities and have abnormalities in the prefrontal 
cortex and the basal ganglia (Castellanos et al., 1994; Peterson et al., 1998). 
The prefrontal cortex has a slower developmental pattern as compared to other brain 
regions. Even though synaptogenesis appears quite early in the primary sensory areas in 
human infants, in prefrontal cortex synaptogenesis peaks only after the first year 
(Huthenlocker & Dabholcar, 1997). Similarly, PET studies have shown that although the 
glucose uptake increases significantly in the parietal, temporal, occipital cortices and 
basal ganglia by the third month of life, there are important subsequent increases in the 
frontal regions by the eight month (Chugani et al., 1987).  
Despite these data, various imaging and electrophysiological studies suggests that the 
frontal cortex is active during the first year of life (Bell & Fox, 1992). It may be involved 
in processing repeated linguistic stimuli in the first months of life (Dehaene et al., 2006; 
Gervain et al., submitted), or in tasks where representations of objects are required 
starting from the sixth month onwards (Baird et al., 2002; Berger, Tzur & Posner, 2006; 
Kaufman, Csibra, Johnson, 2005).  
However, behavioral studies suggests that inhibitory abilities are still little developed in 
seven-month-olds, since they perform poorly on A not B tasks that require the inhibition 
of previously rewarded response (Diamond, 1985; Munakata et al., 1997). In the A not B 
task infants watch toy being hidden in one of two possible locations (e.g., in location A) 
and after a short delay they are allowed to reach. After a successful reach the toy is 
hidden in the other location (B) in the full view of the infant. Surprisingly, after the delay, 
infants tend to reach wrongly to the first location. They make this error with a 2 second 
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delay at seven months of age, however, by twelve months they make no errors even if the 
delay is increased to 10 seconds. The poor performance of younger infants may not be 
explained solely by memory deficits, since even four-months-olds were found to 
remember the location of an object in visual habituation paradigms where reaching was 
not involved (Baillargeon, 1987). Based on such evidence, Diamond (1985, 1991) 
proposed that successful performance on the A not B task requires the inhibition of 
response tendencies that were previously rewarded.  
Animal studies provide evidence that the inhibitory abilities required to solve this task 
rely upon the prefrontal cortex, since adult monkeys with lesions at the dorsolateral 
prefrontal cortex make the same A not B errors as human infants do (Diamond & 
Goldman–Rakic, 1989). In the same vein, human patients with lesions in the prefrontal 
region seem to have difficulties in overcoming well-learnt response tendencies and 
inhibit perseverative responses (ref). Hence, it was conjectured that the performance 
improvements of infants from seven to twelve months of age are likely to be related to 
the maturational changes in the dorsolateral prefrontal cortex (Diamond, 1991).  
However, there can be special circumstances that boost inhibitory and control abilities in 
young infants, by accelerating developmental changes in specific brain areas. Evidence 
along this line comes from a study by Matthews, Ellis, Nelson (1996), who compared 
preterm infants and full term infants of the same conception age on a non-reaching type 
of A not B task. They found that the preterm infants, who had more experience with the 
events of the surrounding world, tolerated greater delays, suggesting better-developed 
inhibition. The results of this study are in favor of the proposal that development of the 
brain structures that mediate performance in the A not B task may be strongly influenced 
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by postnatal experience. A further factor may be the rich environment of an infant 
exposed to two languages from birth (crib bilingualism). Possibly, the continuous 
monitoring of a bimodal linguistic input results in an early boost of attentional control 
and inhibition already in infancy. 
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2.2. Monitoring two languages boosts executive control in 
infancy: A hypothesis 
 
 
Previous research has demonstrated that bilingual production enhances executive 
functions (Bialystok, 1999; Costa, Hernandez & Sebastián-Gallés, in press), yet no data is 
available as to whether such enhancement might arise in crib bilinguals prior to language 
production.  
Bilingual children have to characterize two different languages from a mixed linguistic 
input with utterances that differ in their phonology, lexicon and syntax. Such learning 
requires infants to discriminate between these languages in the first place. As discussed 
earlier, human infants process various properties of the linguistic input well before they 
start producing their first words. They possess rich language discrimination abilities 
already at birth, distinguishing different languages based on their rhythmic properties 
(Nazzi, Bertoncini & Mehler, 1998; Ramus et al. 2000), and by their fourth months they 
can tell apart two languages that have similar rhythmic characteristics (e.g., Catalan and 
Spanish, Bosch & Sebastián-Gallés, 1997, Bosch & Sebastián-Gallés, 2001). We 
conjecture that crib bilinguals might have enhanced executive control abilities at a 
preverbal stage due to the continuous monitoring of the bimodal input and to the switch 
of attentional resources from one language system to the other. 
We test this possibility by measuring the performance of monolingual and bilingual 
infants with an eye tracker on tasks that require executive control. If monitoring a 
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bilingual input boosts executive control very early on, bilingual infants should 
outperform monolinguals on such tasks. Additionally, we couple this investigation with 
the question of how general such an advantage may be. Crib bilingualism may initially 
lead to improved control processes involving linguistic cues only, since bilingual infants 
have experience in dealing with conflicting items in language. Alternatively, it may result 
in a domain general advantage of executive control, regardless of the cues 
In Experiment 1 we test monolingual and bilingual 7-month-old infants on a response 
switching task where a previously valid and repeated response (an eye movement to 
location A after a cue) has to be inhibited to learn a new response (an eye movement to 
location B). Our conjecture is that if bilingual infants have better executive control 
functions they should outperform monolingual infants on this response switching task. 
Although both groups should learn the first response equally well, since no control 
abilities are involved in this phase, bilinguals should show better response switching 
abilities when learning the second response. 
The study consisted of a pre-switch and a post-switch phase. In the pre-switch phase 
infants were presented with nine trials where a trisyllabic nonce word (hereafter just 
“word”) was followed by a visual reward appearing always on the same side of the 
screen. Thus, infants have to learn that the words predict the appearance of the rewards in 
a certain location. In the post-switch phase infants were exposed to additional nine trials 
with the words now indicating that the rewards will appear on the other side of the 
screen. To see the reward object, infants thus had to learn to look to the opposite side of 
the screen.  
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In order to facilitate learning to look first to one side and then to the opposite side, we 
implemented different regularities in the linguistic cues in the pre-switch and the post-
switch phase, respectively. For example, in the pre-switch phase we used a syllable 
repetition in the beginning of each word (that is their structure was AAB, As and Bs 
standing for syllables, as in lelemo). In the post-switch phase, in contrast, we employed a 
syllable repetition in the end of each stimulus (that is, their structure was ABB, as in 
lemomo). While 7-month-old infants are known to discriminate such regularities (e.g., 
Marcus et al., 1999), it is not crucial for the current experiment whether infants actually 
learned the regularity. In this sudy they had to overcome a previously learned response, 
which may or may not be facilitated by pairing the responses with different kinds of 
structures. We measured learning by recording the infants’ anticipatory looks for the 
visual reward with an eye tracker. 
In Experiment 2 we used visual cues sequences instead of linguistic stimuli. These 
sequences followed the same regularities (identical shapes at the beginning of the 
sequence, AAB, or at the end of the sequence, ABB). Previous research showed that 7-
month-old infants can detect and generalize such regularities both in the auditory and the 
visual domain (Saffran et al., 2007).  
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2.3. Experiment 1 
 
Response switching with structured linguistic cues 
 
 
In this experiment we ask whether exposure to two languages may boost executive 
control already at a preverbal age, possibly due to practice in monitoring bimodal 
linguistic input. If so, bilingual infants should outperform age-matched monolinguals on 
a switching task that involves different linguistic stimuli and requires executive control in 
overcoming a previously learnt response (e.g., look left after they looked right for nine 
trials).  
 
METHOD 
2.3.1. Participants 
 
The participants were 20 monolinguals (11 girls) and 20 crib bilinguals (10 girls) aged 
from seven months 7 days to seven months 30 days (monolinguals M = 7.19; bilinguals 
M = 7.16). All participants were full term infants with no birth complications. Additional 
15 infants were excluded (8 monolinguals) because of crying or fussiness (n = 7), failing 
to calibrate the eye tracker (n = 3), no eye tracker data (n = 3), or experimental error (n = 
2). The criterion to select bilingual infants was to have parents with different mother 
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tongues addressing the infant in their respective native languages, and to have daily 
exposure to both languages. Fifteen bilinguals heard Italian and Slovenian from the 
parents, two heard Italian/Spanish, one heard Italian/English and one Italian/French. 
Infants were recruited from Trieste (Italy) and were matched for their parents’ 
socioeconomic status.  
 
 
2.3.2. Stimuli 
 
Linguistic stimuli followed two simple regularities and had repeated syllables in the 
beginning (such as in lelemo) in one of the phases, and repeated syllables in the end (such 
as in lemomo) in the other phase. There were three A syllables (le, zo, ni) and three B 
syllables (mo, ri, ve), yielding to nine AAB words (lelemo, leleve, leleri, zozomo, 
zozove, zozori, ninimo, ninive, niniri) and nine ABB words (lemomo, leveve, leriri, 
zomomo, zoveve, zoriri, nimomo, niveve, niriri). The duration of each phoneme was 200 
ms, with 250 ms pauses between them and a monotonous pitch of 200Hz. The stimuli 
were synthesized with MBROLA (Dutoit, Pagel, Pierret, Bataille, & Vreken, 1996), 
using the soft voice of the DE7 diphone base. The visual rewards consisted of three 
pictures of colored puppets that appeared inside one of the two white squares on the left 
and right side of the screen. The puppets loomed from 4 cm to 7 cm (visual angle from 
the infant’s position 9.14° to 15.9°) for two seconds. The squares had a side-length of 8 
cm (18.18°), with a distance between them of 13.5 cm (30.2°). The rewards were 
randomly paired with the linguistic material. 
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2.3.3. Apparatus 
 
Infants’ eye gaze was collected with a TOBII 1750 Eye Tracker system (for technical 
details see Hofsten, Dahlstorm & Fredriksson, 2005). The eye tracker is integrated into a 
17-inch TFT monitor, where the stimuli are presented via an Apple Dual G5 computer 
running PsyScope X software (http://psy.ck.sissa.it). Infants were seated on their parent’s 
lap at a 50 cm distance from the presentation monitor. A video camera focused on the 
face of the infant was mounted above the monitor. A loudspeaker was placed behind the 
monitor for the presentation of the acoustic stimuli. After the parent put on opaque 
sunglasses, a five-point calibration was carried out. If the calibration was not successful 
the procedure was repeated for a maximum of four times.  
 
 
2.3.4. Procedure 
 
Following calibration the experiment began. There were two phases, a pre-switch and a 
post-switch phase with a total of 18 trials. The crucial difference between these phases 
was the side on which the visual reward would appear. Each trial started with a screen 
displaying the two white squares on the sides and a visual attractor in the middle. The 
experimenter displayed the linguistic stimuli only if the infant was looking to the screen. 
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If necessary, infants were reoriented towards the screen with tinkling sounds before the 
trial started.  
 
 
 
Fig. 1. Trial structure in Experiment 1, where participants were presented with linguistic 
cues that were followed by visual rewards on one side of the screen in the pre-switch 
phase (9 trials), and by rewards on the other side in the post-switch phase (9 trials) 
 
 
In the pre-switch phase of the experiment, infants were exposed to nine trials where they 
heard trisyllabic words, all following either an AAB or ABB structure, counterbalanced 
between participants (see Figure 1). During the presentation of the word, the central 
visual attractor was continuously displayed to keep the eye gaze in the middle. When the 
word terminated, the attention getter disappeared. Then, only the two white squares on 
the sides were visible for one second. In this time-window infants could make an 
anticipatory eye movement to the square where the object would appear (anticipatory 
period). Then a looming object appeared on one side of the screen in the square. The 
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object was displayed for two seconds, accompanied by a tinkling sound. The sound lasted 
for 300 ms and was presented with a delay of 800 ms.  
In the pre-switch phase, infants heard nine words with the same structure and the words 
were always paired with objects on the same side of the screen. The structure-side pairing 
and the order of structures were counterbalanced across infants.  
The post-switch phase was identical to the pre-switch phase except (i) that infants heard 
words following the other structure (e.g., ABB, if they heard AAB in the pre-switch 
phase), and (ii) that the looming object appeared always in the white square on the other 
side of the screen.  
If infants can learn that the linguistic stimuli predict the appearance of an object in a 
certain location, they may look to the correct location before the object actually appears. 
We measured learning by recording where infants looked in the anticipatory period after 
the cue and critically before the appearance of the object.  
 
 
2.3.5. Scoring  
 
The screen was divided into three equal parts, left, middle and right. We coded infants’ 
anticipatory looks, which had to be directed to the left or right side of the screen and 
occur within the 1 s time-window from 150 ms after the end of the word till 150 ms after 
the beginning of the visual reward. The 150 ms shift was derived from previous studies of 
anticipatory and reactive eye movements in infants, suggesting that reactive eye 
movements occur only 150 ms after the presentation of the stimulus (Canfield et al., 
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1997; Johnson, Amso, & Slemmer, 2003); shorter latencies thus reflect anticipations. 
Looks shorter than 80 ms were excluded.  
If the infant did not look to the correct side the trial was coded as incorrect. In case the 
infant looked both to the correct and incorrect sides in one trial, the side where the infant 
looked longer was coded. Taking the first look yields to practically identical data, since in 
94.8% of the trials infants looked only to one side of the screen in the 1 sec anticipatory 
period. Trials with correct anticipations to the side where the object would appear in the 
respective phase were coded with 1. Trials on which the infant looked to the middle or 
outside of the screen or looked to the wrong side were coded with 0. Thus, we measure 
learning by looking at the increase of correct anticipations over the trials. If infants learn 
the contingency between the cue and the location of the visual reward they should 
increase their anticipatory looks from the first to the last trials. A comparison against 
chance would be meaningless, since in such paradigms the proportion of anticipatory 
looks can be relatively low, from 25 to 45% (Canfield et al., 1997; Johnson, Amso, & 
Slemmer, 2003), resulting in a high number of missing values. Additionally, we coded 
perseveratory looks in the post-switch phase, that is, the looks to the location that was 
valid in the previous phase.  
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2.3.6. RESULTS AND DISCUSSION 
 
Pre-switch phase 
 
As shown in Figure 2, both monolinguals and bilinguals showed fast learning (increasing 
proportion of correct anticipatory looks) over the trials of the pre-switch phase. For the 
analysis we compared the average number of correct anticipations in the first three, 
middle three and in the last three trials. An ANOVA with factors Group 
(monolingual/bilingual) as a between subject variable and Trial (first/middle/last) as a 
within subject variable yielded a main effect of Trial, F(2,76) = 13.83, P < 0.0001, with 
no effect of group nor an interaction. Thus, both groups increased in their anticipatory 
looks similarly over the trials of the pre-switch phase (Scheffe post hoc first vs. last three 
trials: monolinguals P = 0.0005; bilinguals P = 0.01).  
 
 
 
 
Fig. 2. Symbols represent the proportion of infants anticipating to the correct side after 
the linguistic cue. Both groups of participants increased anticipatory looks in the pre-
switch phase, but only bilinguals did so in the post-switch.  
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Post-switch phase 
 
In contrast to the data in the pre-switch phase, where both monolinguals and bilinguals 
learned to anticipate to the correct side, only bilinguals showed learning over the trials in 
the post-switch phase (see Figure 2). An ANOVA with factors Group 
(monolingual/bilingual) as a between subject variable and Trial (first/middle/last) as a 
within subject variable yielded a main effect of Trial (F(2,76) = 4.45, P = 0.01). 
Importantly, there was a Group X Trial interaction, F(2,76) = 4.02, P = 0.02. This 
interaction shows that monolinguals and bilinguals increased their anticipatory looks in a 
different manner in the post-switch phase. Post-hoc tests (Scheffe) suggest that only 
bilinguals increased their anticipations to the new location (first vs. last trials, P = 0.001) 
displaying more correct looks on the last trials than monolinguals (P = 0.01), while the 
groups did not differ in total anticipations (correct and wrong).  
The data indicates that the switch had a differential effect on monolinguals and 
bilinguals. Bilingual infants showed a similar increase in anticipatory looks over the trials 
in the pre-switch and the post-switch phase, suggesting that they learned both 
contingencies. Monolinguals, in contrast, increased their anticipatory looks only in the 
pre-switch phase but not in the post-switch phase. Importantly, there was no overall 
impairment for monolinguals, but they failed to learn specifically after the switch.  
By the end of the post-switch phase bilinguals decreased perseverating to the side that 
had been valid during the previous phase, while monolinguals did not (main effect of 
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Perseveration decrease: bilinguals F(1,38) = 6.4, P = 0.004; monolinguals, ns, see Figure 
3). 
 
 
Fig. 3. Symbols represent the proportion of infants perseverating (making anticipatory 
looks to the wrong side) across the trials of the post-switch phase. Also shown are 
regression lines for the two groups (monolinguals dashed line, bilinguals continuous 
line).  
 
 
 
The results show that while both groups showed fast learning in the pre-switch phase, 
only bilinguals learned to anticipate in the post-switch phase. Monolingual infants, in 
contrast, did not increase their anticipatory looks to the correct location in this phase. 
Instead, they continued perseverating to the location that was valid in the pre-switch 
phase.  
The finding that seven-month-old monolingual infants have difficulties in overcoming a 
well-learnt response fits well with other findings in the literature showing that infants at 
 53 
this age cannot inhibit previously rewarded response tendencies in A not B tasks 
(Diamond, 1985).  
However, 7-month-old bilinguals are more efficient than monolinguals in inhibiting a 
previously learnt regularity involving the pairing of linguistic and visual stimuli, and in 
switching motor behavior according to a new regularity. The finding that already 
preverbal infants are advantaged on executive function tasks due to experience with 
monitoring a bimodal linguistic input is rather surprising. Such an early boost of the 
executive system may be initially limited to tasks involving linguistic cues, since 
bilingual exposure provides training with conflicting items in the language domain. 
Alternatively, however, such an enhancement may be domain-general from very early on. 
Filtering out irrelevant information from the environment and selectively switching 
attention between mental sets is essential in all domains of higher cognition. Thus, it is 
possible bilingualisms results in a boost that goes beyond the language domain and 
affects the whole executive system already preverbally. In Experiment 2 we test these 
conjectures by comparing monolinguals and bilinguals on a visual switch task where no 
language is involved.  
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2.4. EXPERIMENT 2 
 
Response switching with visual cues 
 
 
 
The data from Experiment 1 suggest that bilingual infants are more efficient than 
monolinguals in inhibiting a previously learnt regularity that involves a contingency 
between a linguistic stimulus and the location of a visual stimulus (e.g., look right after a 
word). Thus, they succeed in quickly learning a second regularity that involves a different 
pairing. Next we asked how general this advantage in executive control might be and 
whether it would apply to stimuli from domains other than language.  
If a boost of executive functions extends beyond the language domain from a very early 
age, bilingual infants should also perform better than monolinguals on a switching task 
that involves stimuli from a non-linguistic modality (e.g., visual stimuli). In contrast, if 
the advantage is restricted to situations where language is involved, the two groups 
should perform similarly on non-linguistic tasks. In Experiment 2 we test these two 
scenarios. The experiment is structurally similar to the first one except that we used 
visual sequences as cues. These sequences followed the same regularities as the linguistic 
stimuli; that is to have identical geometrical shapes at the beginning of the sequence, such 
 55 
as in AAB, or at the end of the sequence, such as in ABB, where As and Bs stand for 
different shapes. 
 
 
METHOD 
2.4.1. Participants 
 
The participants were 20 monolinguals (10 girls) and 20 crib bilinguals (11 girls) aged 
from seven months 1 day to seven months 30 days (monolinguals M = 7.17, bilinguals M 
= 7.17). All the participants were full term infants with no birth complications. Data from 
additional 14 infants was excluded (7 monolinguals) from the analysis because of crying 
or fussiness (n = 6), failing to calibrate (n = 2), no eye tracker data (n = 3), or 
experimental error (n = 2). The criterion to select bilingual infants was the same as in 
Experiment 1 and infants were recruited from the same city. Fifteen bilinguals heard 
Italian and Slovenian from their parents, one Italian/Spanish, one Italian/English, two 
Italian/French and one Italian/Russian. Infants were matched for their parents’ 
socioeconomic status.   
 
 
2.4.2. Stimuli 
 
In each trial, infants were presented with a visual cue (a sequence of three simple figures) 
that was followed by a target object on one side of the screen. The cuing sequences had 
 56 
identical shapes at the beginning of the sequence (AAB), or at the end of the sequence 
(ABB). There were three A figures (arrow, triangle, cone) and three B figures (star, 
circle, moon), yielding to nine AAB sequences and nine ABB sequences. The figures 
were 4 cm large (visual angle of 9.14°) and had different colors. The target objects and 
the white squares were identical to the ones used in Experiment 1. 
 
2.4.3. Apparatus 
 
The apparatus was identical to the one used in Experiment 1. 
 
2.4.4. Procedure 
 
The procedure was similar to the one described in Experiment 1 with one difference. 
Instead of presenting participants with linguistic stimuli as cues, they saw sequences of 
geometrical figures having the same regularities (identical shapes at the beginning, AAB, 
e.g., cone/cone/star or at the end, ABB, e.g., cone/star/star, see Figure 4) as the words in 
Experiment 1. The figures appeared sequentially in the centre of the screen, where the 
attention getter was previously. Each figure was presented for 800 ms, with a 300 ms 
inter-stimulus interval.  
After the third figure of the sequence disappeared, only the white squares on the sides 
were visible for one second. In this time infants could make anticipations to the square 
where the object would appear (anticipatory period). In Experiment 1, there was a similar 
one-second anticipatory period between the end of the word and the appearance of the 
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visual reward. Then a looming puppet appeared on one side of the screen in the square as 
described in Experiment 1. The puppets were randomly associated with the visual 
sequences.  
 
 
Figure 4. Trial structure in Experiment 2, where participants were presented with visual 
cues. 
 
In the pre-switch phase infants saw nine trials where the visual sequences followed one 
structures (e.g., AAB); these sequences were associated with puppets on one side of the 
screen. In the post-switch phase infants were presented with sequences following the 
other structure (e.g., ABB) that were associated with puppets on the other side of the 
screen. The structure-side pairing and the order of structures were counterbalanced across 
infants.  
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If infants can learn that the visual sequences predict the appearance of a puppet in a 
certain location they may look to the correct location before the puppet actually appears. 
We measured where infants looked after the last element of the visual sequence to expect 
the appearance of the puppet during the trials of the pre-switch and the post-switch phase.  
 
2.4.5. Scoring 
 
For the scoring and data analysis we took infants’ longest anticipatory looks as described 
in Experiment 1.  
 
 
2.4.6. RESULTS AND DISCUSSION 
 
Pre-switch phase  
 
As depicted in Figure 5 both monolinguals and bilinguals showed fast learning 
(increasing proportion of correct anticipations) over the trials of the pre-switch phase. As 
in Experiment 1, we compared infants’ correct anticipatory looks on the first three, 
middle three and the last three trials. An ANOVA with factors Group 
(monolingual/bilingual) and Trial (first/middle/last) yielded a main effect of Trial 
(F(2,76) = 8.97, P = 0.0003), with no effect of group, nor an interaction. Scheffe tests 
show that both groups increased their anticipatory looks from the first to the last trials 
(monolinguals P = 0.04, bilinguals P = 0.02).  
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Fig. 5. Symbols represent the proportion of infants anticipating to the correct side after 
the visual cue. Both groups increased anticipatory looks in the pre-switch phase, but only 
bilinguals did so in the post-switch.  
 
 
Post-switch phase 
 
As in Experiment 1, only bilinguals showed learning over the trials in the post-switch 
phase. An ANOVA with factors Group (monolingual/bilingual) and Trial 
(first/middle/last) yielded a main effect of Trial (F(2,76) = 4.13, P = 0.01, and Group, 
F(1,38) = 9.55 P = 0.003,. Importantly, the interaction Group X Trial was significant 
(F(2,76) = 3.88, P = 0.02), suggesting that the two groups increased their anticipatory 
looks in a different manner in the post-switch phase. Post-hoc tests suggest that only 
bilinguals learned over the trials in the post-switch phase (Scheffe’s test first vs. last trials 
bilinguals P = 0.004, monolinguals ns). Bilinguals had more correct looks on the last 
trials than monolinguals (Scheffe test P = 0.002), while the groups did not differ in total 
anticipations. 
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In the post-switch phase bilinguals successfully redirected their anticipatory looks to the 
opposite side of the screen, showing their ability to overcome a previously learned but no 
longer valid response (main effect of Perseveration decrease: bilinguals F(1,38) = 5.74, P 
= 0.006; monolinguals, ns; see Figure 6). Monolinguals, in contrast, did not decrease 
perseverations to the side that was valid in the previous phase. An analysis where we 
compared infants’ correct anticipations in Experiment 1 and Experiment 2 did not yield 
significant differences. 
 
 
 
Fig. 6. Symbols represent the proportion of infants perseverating (making anticipatory 
looks to the wrong side) across the trials of the post-switch phase of Experiment 2. Also 
shown are regression lines for the two groups (monolinguals dashed line, bilinguals 
continuous line).  
 
 
Together the results of Experiments 1 and 2 suggest that both monolinguals and 
bilinguals can rapidly learn the contingency between a linguistic or visual cue and the 
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appearance of a puppet in a specific location. Infants increased their anticipatory looks to 
the future location of a puppet from the fourth trial on in the pre-switch phase of both 
studies. In contrast, for learning a new contingency and overcoming a previously valid 
response the results of monolinguals and bilinguals diverge, as only bilinguals, but not 
monolinguals succeed. This suggests that 7-month-old bilingual infants may have 
enhanced domain-general executive control abilities, since they could inhibit better a 
well-learnt behavioral habit (e.g., look left) and flexibly learn a new response (e.g., look 
right) on tasks involving linguistic or visual cues. 
In the next experiment we asked whether we double the exposure to the second 
contingency in the post-switch phase even bilingual infants would learn to anticipate to 
the new location.   
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2.5. EXPERIMENT 3 
 
Response switching with prolonged exposure times 
 
 
Results from Experiment 1 and 2 showed that monolingual infants have a difficulty in 
inhibiting a previously learnt response in favor of a new response as compared to 
bilinguals. This is possibly due to the fact at seven months of age infants have little 
developed executive functions. Thus, after learning a contingency between a cue and the 
location of a visual reward they show difficulties in disengaging from this behavior and 
in learning a new response as rapidly as bilinguals. Here we explore whether 
monolinguals would learn a new response if we increase the exposure time by doubling 
the number of trials in the post-switch phase.  
 
 
METHOD 
2.5.1. Participants 
 
The participants were 20 monolinguals (11 girls) aged from seven months 1 day to seven 
months 31 days (M = 7.21). All the participants were full term infants with no birth 
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complications. Data from additional 6 infants was excluded from the analysis because of 
crying or fussiness (n = 4), failing to calibrate (n = 1), no eye tracker data (n = 1).  
 
2.5.2. Stimuli 
 
The stimuli were identical to the ones used in Experiment 1.  
 
2.5.3. Apparatus 
 
The apparatus was identical to the one used in Experiment 1. 
 
2.5.4. Procedure 
 
The procedure was similar to the one described in Experiment 1. The pre-switch phase 
was exactly identical to the first experiment, however in the post-switch phase instead of 
9 trials we had 18 trials. 
 
2.5.5. Scoring 
 
For the scoring and data analysis we took infants’ longest anticipatory looks as described 
in Experiment 1.  
 
 
 64 
2.5.6. RESULTS AND DISCUSSION 
 
Pre-switch phase  
 
As depicted in Figure 7 the monolingual infants tested in this study increased the 
proportion of their correct anticipations over the trials of the pre-switch phase. As in the 
previous experiments, we compared infants’ correct anticipatory looks grouped by three. 
The ANOVA yielded a main effect of Trial (F(2,38) = 9.19, p = .01). 
 
 
Fig. 7. Symbols represent the proportion of infants correctly anticipating across the trials 
of the pre-switch phase in Experiment 3.  
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Fig. 8. Symbols represent the proportion of infants correctly anticipating across the 18 
trials of the post-switch phase in Experiment 3.  
 
 
Post-switch phase 
 
If we analyze only the data of the first 9 trials of the post-switch phase, we find that 
monolinguals failed to learn to anticipate to the new location, replicating the results of 
Experiment 1. However, when considering all the 18 trials, the ANOVA analysis yields a 
main effect of Trial (F(2,38) = 3.75, p = .01). Post-hoc tests suggest that monolinguals 
succeeded to learn when the exposure time was prolonged (Scheffe’s test first vs. last 
trials p = 0.02).  
Thus the results of Experiment 3 suggest that with increased exposure monolinguals 
manage to inhibit their previous response and to learn a new response. As depicted in 
Figure 8, by the end of the 18 post-switch trials monolinguals reached the same level of 
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performance as bilinguals in Experiment 1. However, in case of monolinguals such 
learning took longer to establish. As discussed earlier, the fast learning of new 
regularities by overcoming the old ones is important for adjusting our behavior to the 
changing requirements of the environment (Burgess, Veitch, de Lacy Costello, & 
Shallice, 2000). Seemingly exposure to a bilingual environment enhances executive 
control abilities that are involved in such learning. 
Next we investigated whether the structure of the cue that was different in the pres-witch 
and the post-switch phase contributed to learning in Experiments 1-3. Attention to the 
structural regularities of the cues might have helped both monolinguals and bilinguals to 
learn the relation between the cue and the reward in the pre-switch phase, and could also 
have helped bilinguals to switch response pattern in the post-switch phase. Whether 
pairing the responses with different structures facilitates such performance it is still an 
open question.  
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2.6. EXPERIMENT 4 
 
Response switching with random linguistic cues 
 
 
Here we explore whether the different structures implemented in the speech-like cues in 
the pre-switch and post-switch phase (AAB and ABB patterns, respectively) influenced 
infants’ performance. Detecting a specific structural regularity in the cue might help 
infants in learning the contingency between the cue and the location of the reward. 7-
month-old infants and even newborns were previously shown to discriminate such 
regularities (e.g., Gervain et al., submitted; Marcus et al., 1999). Thus, these structures 
may have helped infants in learning the contingencies in Experiment 1-3. Alternatively, 
infants might have not paid attention to the structure of the cues, since they could learn 
the task without considering the structure. Experiment 4 explores the role of the structure 
in such leaning, by presenting infants with linguistic cues that have no specific structure 
(follow a random ABC pattern). If the structure of the cue has played a role in learning in 
the previous experiments, infants in this experiment should show different learning 
patterns, in the sense that learning such contingencies should be considerably more 
difficult.  
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METHOD 
2.6.1. Participants 
 
The participants were 20 monolinguals (9 girls) and 20 crib bilinguals (9 girls) aged from 
seven months 1 day to seven months 31 days (monolinguals M = 7.22, bilinguals M = 
7.20). All the participants were full term infants with no birth complications. Data from 
additional 12 infants was excluded (6 monolinguals) from the analysis because of crying 
or fussiness (n = 7), failing to calibrate (n = 2), no eye tracker data (n = 2), or 
experimental error (n = 1). The criterion to select bilingual infants was the same as in 
Experiment 1 and infants were recruited from the same city. Thirteen bilinguals heard 
Italian and Slovenian, two Italian/Spanish, two Italian/English, one Italian/Arabic, one  
Italian/Tibetan and one Italian/Danish. Infants were matched for their parents’ 
socioeconomic status.   
 
 
2.6.2. Stimuli 
 
The speech-like cues were similar to the ones used in Experiment 1, with an important 
difference. We used the same syllables, but we combined them in such a way that they 
formed trisyllabic ABC sequences, with three different syllables. Then we presented 
these random ABC sequences as cues for both the pre-switch and the post-switch phase. 
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Thus, in this case, the cues would not be indicative for the change of contingency. The 
visual rewards and the white squares were identical to the ones used in Experiment 1. 
 
2.6.3. Apparatus 
 
The apparatus was identical to the one used in Experiment 1. 
 
2.6.4. Procedure 
 
The procedure was identical to the one described in Experiment 1. 
 
2.6.5. Scoring 
 
For the scoring and data analysis we took infants’ longest anticipatory looks as described 
in Experiment 1.  
 
 
2.6.6. RESULTS AND DISCUSSION 
 
Pre-switch phase  
 
Figure 9 shows that both monolinguals and bilinguals showed learning (increasing 
proportion of correct anticipations) over the trials of the pre-switch phase. As previously, 
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we compared infants’ correct anticipatory looks on the first three, middle three and the 
last three trials. An ANOVA with factors Group (monolingual/bilingual) and Trial 
(first/middle/last) yielded a main effect of Trial (F(2,76) = 16.41, p = .00001), with no 
effect of group, nor an interaction. Thus, both groups increased in their anticipatory looks 
in a similar manner over the trials of the pre-switch phase.  
However, while in Experiment 1 infants increased their anticipatory looks from the forth 
trial on, in Experiment 4 they increased their looks only in the last three trials. For 
comparing the two experiments we performed an ANOVA with factors Structure 
(structure/random) and Trial (first/middle/last), which yielded an interaction between 
Structure and Trial (F(2,228) = 6,18 P < 0.002). Thus infants in Experiment 4 showed a 
slower learning as compared to infants in Experiment 1. 
 
 
  
 
Fig. 9. Symbols represent the proportion of infants anticipating to the correct side after 
the random linguistic cue. Both groups of participants increased anticipatory looks in the 
pre-switch phase, but only bilinguals did so in the post-switch.  
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Post-switch phase 
 
As in Experiment 1, only bilinguals showed learning over the trials in the post-switch 
phase. An ANOVA with factors Group (monolingual/bilingual) and Trial 
(first/middle/last) yielded a main effect of Trial (F(2,76) = 3.75, P = .02). Importantly, the 
interaction Group X Trial was significant (F(2,76) = 4.78, P < 0.01), suggesting that the 
two groups increased their anticipatory looks in a different manner in the post-switch 
phase. Post-hoc tests suggest that only bilinguals learned over the trials in the post-switch 
phase (Scheffe’s test first vs. last trials P = 0.02).  Moreover, bilinguals had significantly 
more anticipatory looks on the last trials than monolinguals (Scheffe’s test p = .02).  
The ANOVA analysis comparing the performance of bilinguals in the post-switch of the 
two experiments with the factors Structure (structure/random) and Trial (first/middle/last) 
yielded a main effect of Trial (F(2,76) = 3.75, p = .02) and Structure and Trial interaction, 
F(2,76) = 3.95, P < 0.02). This suggests that bilinguals in Experiment 1 had a different 
learning pattern than bilinguals in Experiment 4. 
These results show that both monolingual and bilingual infants benefit from the presence 
of a well-defined pattern in the speech-like cues, since they showed a faster learning as 
compared to the study where the cues had no structure. In the pres-witch phase, where 
infants had to learn the first contingency between the cue and the location of the visual 
reward, both monolinguals and bilinguals learned faster in Experiment 1, where they had 
structured cues, than in Experiment 4, where they had random linguistic cues. Moreover, 
the presence of the structure also helped switching anticipatory looks in the post-switch 
phase for bilinguals, who showed a faster learning pattern in Experiment 1.  
 72 
CHAPTER 2  
 
2.7. General discussion  
 
 
In four experiments seven-month-old monolingual and bilingual infants rapidly learned 
that a linguistic or visual cue predicts the position of the visual reward. However, we 
observed a marked behavioral difference between the two groups in a second phase when 
infants had to learn a new response. Whereas bilinguals readily mastered the new 
behavior, monolinguals failed to learn the new task in Experiment 1. Nevertheless, when 
monolinguals were exposed to more trials they also learned to anticipate the new location 
of the reinforcer. 
Taken together, the results of the first three experiments demonstrate that perceiving and 
processing utterances from two languages during the first months of life enhances not 
only EF in the linguistic domain, but EF in a more general sense. The enhanced 
performance of bilingual infants in the post-switch phase cannot be attributed to a 
systematic difference in general information processing abilities between the two groups. 
Beyond matching the two groups for the socio-economic status of their parents, they 
performed equally well during the pre-switch phases of the experiments. This suggests 
that the difference observed in the post-switch phase is due to the fact that bilinguals are 
more efficient in suppressing a previously learned response in favor of the new response.  
While the salient environmental difference between monolingual and bilingual infants 
concerns the nature of the auditory inputs they receive, the observed enhancement of the 
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executive control in bilinguals was observed for both the auditory and for the visual 
modality. Thus, it is highly likely that the component of the EF that develops faster in 
bilingually raised infants, does not depend on the cues that prompt the responses. Our 
data suggest that an improvement in EF abilities takes place in bilinguals during the first 
few months of life and much before active language production begins. The present 
findings show that processing multiple languages leads to a general enhancement of the 
executive control system at a preverbal stage, supporting the early onset of executive 
functions.  
The increased ability to inhibit a previous salient response in favor of a new one, and 
rapidly switch from one response to an other may also allow bilingual infants to deal 
more efficiently with ambiguous and bimodal inputs and to manipulate conflicting 
representational sets earlier then monolinguals. These questions will be asked in the 
following chapters.  
Additionally, the experiments where we manipulated the structure of the linguistic cues 
suggest that by the age of seven months infants are able not only to discriminate 
repetition-based regularities (Marcus et al., 1999), but also to use them to learn faster 
specific contingencies and to switch their anticipatory behavior. Since these experiments 
were not specifically designed to test structure learning in infants, such conclusions 
remain tentative. However, this issue will be extensively addressed in the next series of 
experiments.  
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”A system of symbolic computation generates grammatical combinations  
of words, implementing Humboldt’s principle of the infinite use of a finite 
media. Together they explain the vast expressive power of language, the 
ability to convey an unlimited number of new ideas.” (Pinker, 1999) 
 
 
CHAPTER 3  
 
 
Learning multiple regularities in infancy 
 
 
How do infants acquire their native language(s)? In the process of language acquisition 
they will not only learn the words of their language, but will also discover its 
phonological, morphological, syntactic and semantic characteristics. Acquiring the 
grammatical rules of a language will allow a productivity that goes beyond the actual 
experience of the learner. However, it is still unclear how young children manage to find 
the crucial regularities in the vast linguistic signal. This problem becomes particularly 
salient for infants born into bilingual families. Like monolinguals, they have to process 
the linguistic data they receive in order to acquire language, however their linguistic input 
comes from two different sources. Surprisingly, bilingual children reach the linguistic 
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milestones in both languages around the same time as monolinguals in one, although they 
are faced with a more complex auditory signal (Pearson, Fernandez & Oller, 1993; Petitto 
et al., 1998). However, despite the diffusion of bilingualism, the mechanisms that enable 
the simultaneous learning of the regularities of two different languages are little studied.  
In the previous chapter we presented evidence that bilingual infants develop better 
executive control functions, conceivably due to practice in sorting and monitoring 
different representations corresponding to the two languages. It is possible that these 
abilities may also help them to deal efficiently with multiple regularities present in their 
linguistic signal, conjecture that will be studied in this chapter. Though Experiments 1 
and 4 described in Chapter 2 were designed to investigate the development of executive 
control in monolinguals and bilinguals, we found that infants learned faster the 
contingency between a speech-like cue and a reward when the cue had a well-defined 
structure (repeated syllables in the beginning, e.g. AAB; or repeated syllables in the end, 
e.g., ABB). These results suggest that infants could use the repetition-based structure for 
learning the contingency between the cue and the reward.  
The studies we present in this chapter aim to explore how monolingual and bilingual 
infants learn and generalize repetition-based regularities implemented in speech-like 
stimuli when they are exposed to two kinds of structures simultaneously. In the previous 
experiments the two regularities and respective contingencies were presented 
sequentially. In this chapter we describe experiments where infants were exposed to two 
structures in an interleaved manner. Such simultaneous learning might involve the 
executive control and attentional abilities to a great extent, since infants have to 
concomitantly monitor and construct representations for each of the two regularities. 
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Thus, if bilingual infants develop better executive functions, they should outperform 
monolinguals also in this task.  
In seven experiments we study how young monolinguals and bilinguals extract the 
underlying structure from an ambiguous speech input using an eye-tracker. Previous 
research has suggested that infants are able to generalize repetition-based regularities 
when trained with simplified speech-like stimuli following a very specific pattern (e.g., 
AAB, Marcus et al., 1999). However, in all our experiments we familiarize infants with 
two structures simultaneously. In order to facilitate the task of the infants in this 
interleaved learning, we use two structures that are easily distinguishable. For instance, in 
the first experiment we use adjacent repetition-based structures (AAB) and nonadjacent 
repetition-based ones (ABA). By contrast, in another experiment we use nonadjacent 
repetition-based structures (ABA) and diversity-based patterns (ABC patterns that 
contain different syllables). In these studies we explore how infants integrate the different 
structures with different motor responses. 
In a typical trial infants are presented with a nonce word conforming to a specific 
structure (e.g., AAB) followed by a visual reward in a specific location (e.g., left). Next 
we present another nonce word conforming to the other structure (e.g., ABA) followed by 
a visual reward on the opposite side (e.g., right). Thus, infants might learn that the 
structure of the word predicts the location where the reward would appear, and possibly 
develop expectations about new exemplars of linguistic stimuli that follow the same 
structure.  
First we ask whether bilingual infants would outperform their monolingual peers in 
learning simultaneously two repetition-based regularities.  Next, we ask whether infants 
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would learn two structures that are more different, e.g., an identity-based structure and a 
diversity-based one, and whether they would learn these two patterns with the same 
facility. Representing identity and representing diversity might be computationally 
equivalent. If so, infants should be able to use them for predictions with equal facility. 
Conceivably, however, encoding structures based on repetitions might be easier for 
infants than encoding constructs on the basis of diversity. Experimental data from adult 
studies suggests that while adults can readily learn repetition-based patterns, diversity 
based patterns or alternations seem to be much more difficult and even interfere with 
performance (see Falk & Konold, 1997; Kareev, 1995).  
When faced with an input containing both repetition-based and diversity-based structures, 
infants might perceive the latter as “noise” and ignore it, learning only the regularity they 
can easily process. Alternatively, the presence of such noise might seriously impair 
learning in general. However, already young infants might possess powerful mechanisms 
to detect the salient patterns in a noisy input. Early proposals of the “poverty of stimulus 
argument” in language acquisition argue that despite the sparse nature of the input young 
children acquire natural language - or even two languages simultaneously - with an 
incredible facility (Chomsky, 1957).  
Before we present our experiments we review what is already known from previous 
research how infants process linguistic-like stimuli. A number of studies have 
investigated the computations that infants use to discover the structural properties of 
speech-like stimuli to which they are exposed. 
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3.1. Detecting regularities in linguistic stimuli at a preverbal 
age and beyond 
 
 
In the process of language acquisition both the lexicon and the underlying grammatical 
rules have to be learned. Rules can be defined as constraints (schemas) that operate over 
variables that share specific values. It has been argued that rule extraction takes place 
despite the sparse nature of the linguistic input (Endress & Bonatti, 2006; Newport, 1990; 
Pena et al., 2002), and it has been proposed that even young infants are able to perform 
algebraic rule-like computations (Marcus et al., 1999). First, we will present earlier 
research investigating symbolic computational abilities in young infants. Then, we will 
discuss the role that other more elementary type of computations might play in repetition-
based regularity learning in infancy and beyond. 
  
 
3.1.1. Learning non-adjacent dependencies and rule-based 
regularities 
 
Recent research in language acquisition has focused on how the young learner converges 
to the rules of language on the one hand by exploring how infants learn close and distant 
dependency relations between diverse components of the linguistic signal, and on the 
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other hand, by investigating how they extract more abstract features of the language for 
which the signal does not provide unequivocal evidence. Natural language is full of non-
adjacent morphosyntactic dependency relations, such as, for instance, in English the 
relation between the auxiliary verb “is” and the ending of the main verb “-ing”. 
Santelmann & Jusczyk (1998) explored experimentally how young infants learn such 
dependencies using natural language stimuli. Others investigated this question employing 
artificial mini-grammars with specific organizing principles that applied to syllable 
occurrences or to stress-patterns (Gerken, 2004; Gomez  & Gerken, 1999, Marcus et al., 
1999).  
Santelmann & Jusczyk (1998) studied 15 to 18-month-old English infants’ sensitivity to 
specific morphosyntactic dependencies of their native language. In this study infants were 
exposed to well-formed dependencies, such as the auxiliary “is” and the “ing” ending of 
the main verb (e.g., is singing), and to unnatural dependencies, such as can singing. They 
also manipulated the number of intervening elements between the morphemes to study 
the limits of processing. Using a head turning preference paradigm, the authors found that 
18-month-olds showed a significant listening preference to the correct dependencies, 
whereas 15-month-olds did not. This suggest that by the age of 18 months, English 
infants have acquired such basic relationships, even though such knowledge might be 
constrained to short distance relations, since infants failed to show a preference when 
more then three syllables intervened between the two morphemes.  
Studying infants of the same age, Lidz, Waxman & Freedman (2003) have asked whether 
young learners engage in language acquisition with an innate linguistic toolkit that will 
guide the acquisition of syntax. According to the “poverty of stimulus” argument 
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(Chomsky, 1957) there is insufficient evidence in the input for the specific syntactic 
knowledge children will quickly master. Lidz, Waxman & Freedman (2003) argue that 
this holds also for acquiring the anaphoric use of the pronoun “one”, in particular its 
syntax. Indeed, a corpus analysis performed on the CHILDES database showed that 
children hear only 2% of the anaphoric cases where “one” is used to refer to a noun 
phrase with a nested structure. Thus, infants cannot possibly acquire such knowledge 
exclusively from the input. Despite such a “poverty of stimulus”, the results of Lidz, 
Waxman & Freedman (2003) have shown that by the time infants start combining words 
productively (18-months) they already have command of the syntax of “one”. In their 
experiment, infants were familiarized with a picture of a yellow bottle while they heard 
phrases like: “Look! A yellow bottle!”  Next, they were presented with a picture of a 
yellow bottle and a blue bottle paired with the phrases: “Now look! Do you see another 
one?” Infants looked longer to the yellow bottle, suggesting that they take “one” as 
referring to the noun phrase with the nested structure “yellow bottle” and not simply to 
“bottle”. However, they looked longer to the blue bottle in the control condition. A 
different experiment suggests that they do not simply associate the frame “another one” 
with the most similar object available in the context (as suggested by Tomasello, 2004) 
since they showed no preference when there was no linguistic antecedent for the “another 
one” (Waxman & Markow, 1998). Such results were considered as evidence for the 
theories according to which grammar cannot be acquired solely through the analysis of 
the input, but also depends on innate structures that guide language acquisition 
(Chomsky, 1957); and that infants and adults share the same cognitive capacities that 
underlie language learning (Gillette et al., 1999).  
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To investigate early abstract computational abilities one could study even younger, 
preverbal infants by designing studies that do not require prior lexical knowledge and by 
using artificial language paradigms. Hence, another line of study investigates how infants 
learn abstract rules involving artificial grammars. Such studies have shown, for instance, 
that after a short exposure to an artificial grammar where the stress pattern assigned to the 
syllables followed specific principles, nine-month-old infants generalize the stress 
patterns encountered during familiarization to new patterns reflecting the same 
constraints (Gerken, 2004).  
Furthermore, using a two-minute familiarization with syllables that obeyed to a complex 
finite-state grammar, Gomez & Gerken (1999) found that 12-month-old infants could 
generalize the grammar to new tokens. Somewhat older infants, 18-month-olds, seem to 
be sensitive to nonadjacent relations even in artificial grammars of the type AXB or 
CXD, where there is a dependency between the A and B, and the C and D elements 
(Gomez, 2002). Infants in this study could detect the relation between the first and the 
last element if the middle element was highly variable.  
Further evidence for rule-based generalizations in younger infants comes from a study by 
Marcus et al. (1999). This study shows that already 7-month-olds are sensitive to the 
abstract repetition-based structure of an artificial grammar following a short 
familiarization period. After infants were exposed to an artificial grammar that followed, 
for instance, an ABB structure (where As and Bs stand for syllables, as in wo-fe-fe) they 
perceived a second grammar with a different structure (e.g., AAB, or ABA) as new, 
while generalizing the rule to new tokens of the old grammar (Marcus et al., 1999). 
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Although the mechanisms underlying infants’ behavior are still debated (Altmann & 
Dienes, 1999, Eimas, 1999, Endress, Scholl & Mehler, 2005), the authors have argued 
that seven-month-old infants are able to extract abstract algebra-like rules that represent 
relationships between variables. However, the discrimination of repetition-based 
structures seems to be neither specific to language (see evidence from the visual domain, 
Saffran et al., 2006) nor specific to humans (Hauser, Weiss & Marcus, 2002). 
Nevertheless, infants seem to extract repetition-based regularities from non-speech 
sequences (such as, pure tones, instrument timbres and animal sounds) only if they were 
first exposed to such regularities in sequences of speech (Marcus, Fernandes & Johnson, 
2007). Thus, it was proposed that extracting a regularity from speech may facilitate 
learning and generalization in other domains, possibly because infants analyze the speech 
input in a special way as compared to other acoustic signals.  
 
 
 3.1.2. Limitations of rule learning and perceptual primitives  
 
 
Recent research suggests that rule-based generalizations are constrained by perceptual 
and memory primitives (Endress, Nespor & Mehler, submitted; Endress, Scholl & 
Mehler, 2005). Rule learning and generalization may actually make use of processes that 
are highly sensitive to gestalt-like perceptual factors (like specific attention to the edges 
of sequences or to identity relations, Endress, Dehaene-Lambertz & Mehler, 2007; 
Endress, Scholl & Mehler, 2005; Pena et al., 2002). Moreover, these perceptual and 
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memory primitives may assist naive learners in performing such computations. For 
instance, adult learners do not extract nonadjacent relations from a continuous speech 
stream unless there are subliminal pauses that delimit the edges of the segments (Pena et 
al., 2002). Furthermore, there is evidence that adults do not generalize repetition-based 
regularities in word middle positions, while they can generalize them if the repetitions are 
positioned on perceptually salient edges (Endress, Scholl & Mehler, 2005). In a further 
study, Endress, Dehaene-Lambertz & Mehler (2007) have shown that adults perform well 
when they have to generalize identity-based relations implemented in piano tones (ABA 
and ABB structures). However, they fail with other relations that are formally equally 
complex (low-high-middle and middle-high-low melodic structures). The behavioral 
findings were confirmed by electrophysiological measurements, participants displayed 
early electrophysiological responses to violations of the repetition-based grammars, but 
not to violations of the ordinal grammars (low-high-middle). These results are in conflict 
with the symbolic computational models, which predict that both types of grammars 
should be processed equally easily. 
Such data suggests that identity-based generalizations might be computed by a specific 
mechanism that only repetitions can trigger. Recent neuroimaging evidence shows that 
already newborn infants can detect adjacent repetitions in linguistic stimuli (ABB 
patterns). However, they fail with nonadjacent repetitions (ABA patterns, Gervain et al., 
submitted), pointing to an innate repetition-detector that is triggered by adjacent 
repetitions. While adjacent identity relations might become salient due to gestalt-like 
processes, infants might generalize non-adjacent or non-identical repetitions using more 
abstract and symbolic computations. 
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In the experiments presented here we aim to explore how preverbal monolingual and 
bilingual infants deal with different regularities applied to adjacent and non-adjacent 
repetitions. We study infants from two different age groups (7-month-olds and 12-month-
olds) to explore the developmental pattern of repetition-based regularity learning. We 
compare monolingual and bilingual infants and investigate how early exposure to 
different languages influences performance.  
The main methodological differences between these experiments and the experiments 
presented in Chapter 2 are: i) Infants performed a familiarization phase and a 
generalization (test) phase; ii) In the familiarization phase they were presented with 
interleaved linguistic stimuli; exemplars conformed to either one or to the other structure.  
Each structure was paired with rewards appearing in opposite locations; and iii) in the 
generalization phase infants were exposed to new linguistic stimuli, which had the same 
structures as the familiarization stimuli and no rewards were shown. If infants can learn 
and generalize the structures, they should expect the reward in the appropriate location 
also when hearing new exemplars. We used an eye tracker to measure where infants 
expected the reward to appear in the generalization phase. 
 85 
 
3.2. Experiment 5: Learning two structures simultaneously I.  
(ABA vs. AAB) – monolinguals  
 
 
In section 3.1.1 we discussed previous evidence showing that 7-month-old infants can 
generalize trisyllabic repetition-based linguistic structures (Marcus et al., 1999). The 
studies we present in this chapter investigate infants’ learning abilities when familiarized 
with a bimodal linguistic input containing two regularities. Furthermore, we explore 
whether they can use each of these structures to trigger specific eye movements 
predicting where the visual rewards will appear. The experiments presented in the 
previous chapter showed that 7-month-old infants could rapidly learn that a linguistic cue 
with a specific structure predicted the appearance of a reward in a specific location. 
However, only bilingual infants succeeded in overcoming a previously learned response 
and learned a different response (shifting gaze to the opposite location) in response to a 
cue. While this finding suggests that bilinguals have an advantage in a simple situation 
where they have to learn sequentially two patterns, here we ask whether they are able to 
learn simultaneously two patterns. Such learning might be highly difficult and may 
heavily tax the executive control abilities.2 Thus, learning would presumably require 
efficient monitoring and attentional mechanisms to selectively direct attentional resources 
to one or the other regularity and to rapidly switch between the two regularities.  
                                                
2 As discussed in the introductory part, in order to facilitate learning in this interleaved condition, we use 
two structures that are easier to distinguish (AAB and ABA patterns) instead of the AAB and ABB patterns 
used in the previous chapter. 
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Moreover, such a task might also involve working memory abilities since infants have to 
keep active two regularities over intervening trials. Given the complexity of the task, in 
Experiments 5 and 6 we study 12-month-old monolingual and bilingual infants who have 
more developed inhibitory and working memory capacities as compared to 7-month-olds 
(Diamond, 1985; Kaldy & Leslie, 2005). Nevertheless, if bilingual infants develop better 
executive functions due to the simultaneous exposure to a bimodal linguistic input, they 
should outperform monolinguals of the same age also in a task where they have to learn 
two regularities simultaneously.  
 
 
METHOD 
3.2.1. Participants 
 
The participants were 24 twelve-month-old monolinguals (13 girls, mean age = 12.21) 
aged from twelve months 4 days to thirteen months 4 days. All participants were full term 
infants with no birth complications. Additional 12 infants were excluded because of 
crying or fussiness (n = 8), failing to calibrate the eye tracker (n = 1), side bias (n = 2)3, 
or experimental error (n = 1)4. Infants were recruited from Trieste (Italy). 
 
 
                                                
3 Side bias was established based on the familiarization phase. If an infant looked more than 75% of the 
time to one side of the screen after the offset of the word and before the onset of the reward during the 36 
trials of the familiarization phase, the infant was excluded from the analyses. 
4 Note that the dropout rate of infants is higher in this experiment than in the experiments presented in the 
previous chapter. However, this is probably due to the difference in length between the studies. While 
infants in Experiments 1, 2 and 4 were tested on a total of 18 trials, here we had 36 familiarization and 8 
test trials. 
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3.2.2. Stimuli 
 
Words could have either repeated initial syllables (as in za-za-mo), or identical first and 
last syllables (as in za-mo-za). For the familiarization, we constructed six AAB and six 
ABA words from three A (lo, du, za) and three B syllables (mo, ba, vu). The two AAB 
and ABA words used for test were constructed from two novel syllables (ke, gi). In the 
familiarizations infants heard the following AAB and ABA words: duduba, dudumo, 
lolovu, loloba, zazamo, zazavu, zavuza, zamoza, dumodu, dubadu, lovulo, lobalo. In the 
test they heard the following structures: kekegi, gigike, kegike, gikegi. The duration of 
each phoneme was 200 ms, with 250 ms pauses between them and a monotonous pitch of 
200Hz. The stimuli were synthesized with MBROLA (Dutoit et al., 1996), using the soft 
voice of the DE7 diphone base. The visual rewards consisted of three pictures of colored 
puppets that appeared inside one of the two white squares on the left and right side of the 
screen. The puppets loomed from 4 cm to 7 cm (visual angle from the infant’s position 
9.14° to 15.9°) for two seconds. The squares had a side-length of 8 cm (18.18°), with a 
distance between them of 13.5 cm (30.2°).  
 
3.2.3. Apparatus 
 
As described in the previous chapter, infants’ eye gaze was collected with a TOBII 1750 
Eye Tracker system (for technical details see Hofsten, Dahlstorm & Fredriksson, 2005). 
The eye tracker is integrated into a 17-inch TFT monitor, where the stimuli are presented 
via an Apple Dual G5 computer running PsyScope X software (http://psy.ck.sissa.it). 
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Infants were seated on their parent’s lap at a 50 cm distance from the presentation 
monitor. A video camera focused on the face of the infant was mounted above the 
monitor. A loudspeaker was placed behind the monitor for the presentation of the 
acoustic stimuli. After the parent put on opaque sunglasses, a five-point calibration was 
carried out. If the calibration was not successful the procedure was repeated for a 
maximum of four times.  
 
 
3.2.4. Procedure 
 
Following calibration the experiment began. Trials started with a display of two white 
squares on the sides and a central attention getter. The experimenter displayed the 
linguistic stimuli only if the infant was looking to the screen. If necessary, infants were 
reoriented towards the screen with tinkling sounds before the onset of the word. Then an 
ABA or AAB word was played while the attention getter was shown. After the offset of 
the linguistic stimuli, only the two squares were visible for 1 s. Then a looming puppet 
(accompanied by a bell) appeared on one side of the screen (see Figure 7A). During 
familiarization infants were presented with 36 interleaved trials (6 ABA and 6 AAB 
items repeated 3 times) in a pseudo-random order (randomized by 4) so that there were 
no immediate repetitions of a token, no more than 2 consecutive repetitions of a structure 
and also avoiding alternations more than 2. ABA words were paired with puppets on one 
side of the screen, while AAB words with puppets on the other side of the screen. The 
structure-side pairing and the order of presentation were counterbalanced across infants. 
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During test infants were exposed to another 8 trials (2 ABA and 2 AAB words, presented 
twice) in a pseudo-random order described earlier. These were similar to the 
familiarization trials, except that infants heard new AAB and ABA items. During this 
generalization phase no reward puppets were displayed (see Figure 7B). Infants could 
make anticipatory looks to where they expected the puppet to appear for 2 seconds after 
the end of the word.  
 
 
 
 
Fig. 7. Trial structure in Experiment 5. A. Familiarization phase - participants were 
presented with linguistic stimuli (AAB or ABA words) that were followed by visual 
rewards on the left or right side of the screen, depending on the structure of the word. B. 
Test phase - infants heard new AAB and ABA words and no reward followed.   
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3.2.5. Scoring  
 
As in the previous experiments, the screen was divided into three equal parts, left, middle 
and right. We coded the location of the infants’ first anticipatory fixation (or the latency 
of the first correct fixation) in search of the object after hearing the words. Looks shorter 
than 80 ms were excluded.  
 
 
3.2.6. RESULTS AND DISCUSSION 
 
Familiarization phase 
 
Before presenting the generalization data in the test phase, we will present the 
anticipatory pattern observed in the familiarization phase. As described in the Procedure 
of Experiment 5, during familiarization infants could make anticipatory looks during the 
one second after the offset of the linguistic stimulus and before the onset of the reward. 
Figure 8 shows the proportion of correct anticipatory looks (correct/correct + wrong 
anticipations) during the 18 ABA and 18 AAB familiarization trials presented 
interleaved. Conceivably, if infants learn the two structures, they might show an increase 
in correct anticipations from the first trials to the last trials.  
Given a high proportion of missing values (55%) we grouped the correct anticipations by 
two for the data analysis. A two way ANOVA with factors Trial and Structure 
(ABA/AAB) yielded no significant results. If we inspect Figure 8, the proportion of 
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anticipatory looks seem to increase more for the AAB structure over the trials (from 47% 
to 69%), than for the ABA structure (from 38% to 47%). However, the high ratio of 
missing values and the procedure did not favor significance. Also note that this time-
window for anticipatory looks was much shorter in the familiarization then in the test, 1s 
compared to 2s. On average in this phase we observed a limited amount of anticipatory 
looks that showed a scattered pattern. A low proportion of anticipations is not unusual in 
eye tracking research with infants, previous studies report anticipations from 25% to 45% 
(Canfield et al., 1997; Johnson, Amso, & Slemmer, 2003). 
 
 
 
Figure 8. Proportion of 12-moth-old monolingual infants correctly anticipating over the 
trials of the familiarization (correct/correct + wrong anticipations). Lines depict linear 
regressions. 
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Thus, an analysis performed on the proportion of the correct anticipatory looks proved to 
be little informative due to the limited amount of data.  
Additionally, we analyzed how fast infants oriented toward the reward across the trials in 
the familiarization (see Figure 9). For the analysis we formed mini-blocks of four 
consecutive trials from the orientation latencies (that contained trials of both structures). 
In case infants learn the two structures and develop an expectancy about where the object 
should appear, they should decrease their orientation latencies over the trials. Infants, 
however, could gaze to the correct location before the appearance of the reward, hence, in 
order to have more data points we included this data as well. Thus, this analysis includes 
a 2 s time-window after the end of the words, consisting of 1s of anticipatory period and 
1s of reaction period. However, the main effect of Trial or Structure in an ANOVA 
analysis failed to reach significance. When comparing the beginning and the end of the 
familiarization (the first and the ninth mini-block only) the main effect of Trial reached 
only a 0.1 significance level (F(1, 63) = 2.8, P = 0.1). 
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Fig. 9. Mean orientation latencies (ms) for 12-month-old monolingual infants across the 
trials of two structures  
 
 
 
Generalization phase 
 
For the four AAB and four ABA test trials we computed normalized difference scores by 
subtracting incorrect and correct anticipatory looks, divided by the total of correct and 
incorrect looks. Monolingual 12-month-olds generalized the AAB structures to new 
tokens, however, whereas they performed at chance for the ABA structures. Infants 
looked significantly above chance to the correct side when the word had the structure 
AAB (t-tests, p = 0.038), and they were at chance for the structure ABA (t-tests p = 0.19, 
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see Figure 10). Moreover, they showed a better performance for the AAB than for the 
ABA structures (paired t-tests p = 0.02).  
 
 
Fig. 10. Normalized difference scores in the test for 12-mont-olds (correct looks – wrong 
looks/correct + wrong). Infants looked more to the correct side for AAB (right) but not 
for the ABA structures (left). Bars depict standard error. 
 
 
To further explore the data obtained in the generalization phase we investigate whether 
there is a relation between performance on the last trials ofthe familiarization phase and 
the generalization phase, despite the sparse data we observed in the familiarization phase. 
We compared the difference scores (correct looks - wrong looks/correct + wrong) in the 
last four trials of the familiarization phase with the four trials test phase for each 
structure. We found a significant correlation between the familiarization and the test for 
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the AAB structure (p < 0.05, see Figure 11), whereas there was no correlation for the 
ABA structure (see Figure 12).   
 
 
 
Fig. 11. Normalized difference scores for 12-month-old-infants for the AAB structure. 
On the x-axis we plot the test scores and on the y-axis the familiarization scores. Each 
symbol depicts an infant.  
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Fig. 12. Normalized difference scores for 12-month-old-infants for the ABA structure. 
On the x-axis we plot the test scores and on the y-axis the familiarization scores. Each 
symbol depicts an infant.  
 
 
When faced with two regularities, both consisting of well-defined structures (AAB and 
ABA), monolingual 12-months-olds generalized only the AAB structure. However, they 
failed to learn the nonadjacent repetitions. Keeping in mind two regularities 
simultaneously might be too difficult for infants and they might focus on only one 
regularity and disregard the other. 
These results also suggest that close and distant identity relations may involve different 
processing demands. Seemingly, adjacent repetitions are easier or more salient than 
nonadjacent repetitions. The asymmetry we found is in line with recent neuroimaging 
studies showing that even newborns can detect adjacent repetitions, but they fail with 
nonadjacent ones (Gervain et al., submitted).  
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In the next experiment we explored whether infants exposed to two languages from birth 
would learn simultaneously two regularities. Bilingual infants might have profited from 
their practice in exploring and sorting the utterances belonging to two languages from 
early on. If so, they might be better in simultaneously learning two regularities from a 
bimodal input.  
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3.3. Experiment 6: Learning two structures simultaneously II.  
(ABA vs. AAB) – bilinguals  
 
 
The results of Experiment 5 have shown that when simultaneously exposed to two 
regularities 12-month-old monolingual infants learn only one of the regularities. Here we 
test a group of 12-month-old bilinguals and compare their performance with the 
performance of monolinguals in the previous experiment.  
Bilingual infants participating in this study can be divided in two groups depending on 
their linguistic background. Most of the bilinguals (15 infants) heard in their families two 
languages that belong to diverse language groups and differ in their prosodic properties 
(e.g., Italian and Slovenian or Italian and English). However, nine infants were exposed 
to languages that belong to the same language group and share prosodic features (e.g., 
Italian and Spanish or Italian and French). As discussed in the previous chapters, earlier 
research demonstrated that young infants can use the prosodic cues to differentiate two 
languages (Ramus et al., 2000; Nazzi, Bertoncini & Mehler, 1998). However, when two 
languages share such rhythmic properties, bilingual infants might have a more difficult 
task since they must find other cues to perform such discriminations. This difficulty in 
separating the languages may influence differently their developing executive functions. 
Hence, in this study we also asked whether previous exposure to rhythmically similar or 
dissimilar languages would lead to a different performance in simultaneously learning 
two rules.  
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METHOD 
3.3.1. Participants 
 
The participants were 24 twelve-month-old crib bilinguals (12 girls, mean age = 12.19) 
aged from twelve months 4 days to thirteen months 4 days. All participants were full term 
infants with no birth complications. Additional 10 infants were excluded because of 
crying or fussiness (n = 7), side bias (n = 3). Infants were considered bilinguals if they 
had parents with different mother tongues addressing them consistently in different 
languages, and had daily exposure to two languages. Most bilinguals (n = 14) heard 
Italian and Slovenian from their parents; others Italian/Spanish (n = 3), Italian/French (n 
= 5), Croatian/Slovenian (n = 1), or Italian/English (n = 1). Bilingual infants were 
matched for their parents’ socioeconomic status with monolingual infants in the previous 
study, and were recruited from Trieste (Italy).  
 
3.3.2. Stimuli 
 
The stimuli were identical to the one used in Experiment 5. 
  
3.3.3. Apparatus 
 
The apparatus was identical to the one used in Experiment 5. 
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3.3.4. Procedure 
 
The procedure was identical to the one used in Experiment 5. 
 
3.3.5. Scoring  
 
For the scoring and data analysis we took infants’ longest anticipatory looks as described 
in Experiment 5.  
 
 
3.3.6. RESULTS AND DISCUSSION 
 
Familiarization phase 
 
Although the anticipatory looks in the familiarization phase of Experiment 5 were scarce 
and showed a scattered pattern, but correlated with the data obtained in the test phase, we 
will present these data for all the forthcoming studies. Figure 13 shows the proportion of 
correct anticipatory looks during the 18 ABA and 18 AAB familiarization trials.  
As before, we grouped the correct anticipations by two for the analysis. A two way 
ANOVA with factors Trial and Structure yielded significant main effect of Trial (F(8, 
126) = 2.14, P = 0.03) and no effect of Structure, nor an interaction. This suggests that 
bilingual infants increased their correct anticipations over the trials in a similar manner 
for both structures during familiarization. 
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Figure 13. Proportion of 12-moth-old bilingual infants correctly anticipating over the 
trials of the familiarization (correct/correct + wrong anticipations). Lines depict linear 
regressions. 
 
Additionally, we compared the proportion of the correct anticipatory looks of bilinguals 
as a function of the rhythmic similarity of the languages they were exposed to in their 
families. In our bilingual group fifteen infants were exposed rhythmically different 
languages (e.g. Italian/Slovenian), while nine to languages that shared rhythmic 
properties (e.g. Italian/Spanish). An ANOVA analysis with the factors Trial, Structure 
and Rhythm (similar/different), yielded no significant results, however, the factor 
Rhythm showed a tendency towards a main effect, though not reaching significance 
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(F(1,277) =2.89, P = 0.1). Infants who were exposed to languages with different rhythmic 
characteristics tended to perform better in the familiarization phase than infants exposed 
to two languages that shared rhythmic properties (see Figure 14, 15). 
 
 
 
Figure 14. Proportion of 12-moth-old bilingual infants correctly anticipating over the 
trials of the familiarization for AAB trials as a function of rhythmic similarity of the 
languages they were exposed to. Continuous lines depict linear regression for infants 
exposed to languages with different rhythms, and dashed lines depict linear regression for 
infants exposed to languages with similar rhythms. 
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Figure 15. Proportion of 12-moth-old bilingual infants correctly anticipating over the 
trials of the familiarization for ABA trials as a function of rhythmic similarity of the 
languages they were exposed to. Continuous lines depict linear regression for infants 
exposed to languages with different rhythms, and dashed lines depict linear regression for 
infants exposed to languages with similar rhythms. 
 
 
To further investigate the learning, we analyzed how fast infants oriented toward the 
reward across the trials (see Figure 16). As in Experiment 5, we formed mini-blocks from 
trials belonging to a certain structure in 4 consecutive trials that contained both structures. 
Also this analysis includes a 2 s time-window after the end of the speech like stimulus, 
consisting of 1s of anticipatory period and 1s of reaction period. An ANOVA analysis 
yielded a main effect of Trial (F(8, 60) = 2.24, P = 0.02), but no effect of Structure, nor 
an interaction. When comparing the beginning and the end of the familiarization (the first 
and the ninth mini-block only) we found a main effect of Trial (F(1, 63) = 4.89, P = 
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0.03), with no other effects. Thus, bilinguals showed a significant decrease in orientation 
latencies across the trials for both structures. 
 
 
 
  
 
Fig. 16. Mean orientation latencies (ms) of 12-month-old bilingual infants across the 
trials for the two structures  
 
 
 
 
 
Generalization phase  
 
For the four AAB and four ABA generalization trials we computed normalized difference 
scores by subtracting incorrect and correct anticipatory looks, divided by the total of 
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correct and incorrect looks. Bilingual infants looked more often to the correct side for 
both structures during the test trials (t-tests against chance level ABA: p = 0.01; ABB: p 
= 0.03, Figure 15), with no difference between the structures (paired t-test p = 0.96). 
Comparing their performance with that of the twelve-month-old monolinguals in the 
previous study we found that bilinguals performed better on the ABA structures (two-
sample t-tests p = 0.007), while their performance on AAB structures did not differ from 
that of monolinguals (two-sample t-tests p = 0.99). When analyzing the performance of 
bilinguals as a function of the similarity of languages they were exposed to, we found no 
effect of the similarity/diversity factor, although the sample sizes are probably too small 
to draw reliable conclusions. 
 
 
 
 
Fig. 17. Normalized difference scores in the test for 12-mont-old bilinguals (correct looks 
– wrong looks/correct + wrong). Infants looked more to the correct side for both the AAB 
(right) and the ABA structures (left). Bars depict standard error. 
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As in Experiment 5, next we investigated whether there is a relation between 
performance on the last trials of the familiarization phase and the generalization phase. 
We compared the difference scores in the last four trials of the familiarization phase with 
the four trials test phase for each structure. We found a significant correlation between 
the familiarization and the test for both the AAB structure (p < 0.05, see Figure 18), and 
the ABA structure (p < 0.05, see Figure 19).   
 
 
 
 
Fig. 18. Normalized difference scores for 12-month-old bilingual infants for the AAB 
structure, on the x-axis we plot the test scores and on the y-axis the familiarization scores. 
Each symbol depicts an infant.  
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Fig. 19. Normalized difference scores for 12-month-old bilingual infants for the ABA 
structure, on the x-axis we plot the test scores and on the y-axis the familiarization scores. 
Each symbol depicts an infant.  
 
 
These results show that preverbal 12-month-old bilingual infants are more efficient in 
learning two regularities simultaneously than their monolingual peers. In a situation 
where infants had the opportunity to learn two mutually inconsistent regularities, 
bilinguals learned both, while monolingual infants learned only one of them. This 
advantage may be related to a precocious development of control and selection abilities, 
which we explored in the previous chapter and has also been documented in bilingual 
adults and preschoolers (Bialystok et al., 2005). Such abilities may allow bilinguals to 
deal more efficiently with two conflicting structural regularities. However, it is also 
possible that bilingual infants develop a general processing advantage due to an extensive 
exposure to a complex input and by decreasing the processing demands of the task 
monolinguals would also learn two regularities. 
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In the next study we followed up this issue by asking whether monolinguals would be 
able to learn two regularities if we decrease the processing demands, and we use 
bisyllabic items instead of the trisyllabic ones. 
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3.4. Experiment 7: Learning simple linguistic patterns  
(AA vs. AB) 
 
In this experiment we investigate whether 7- and 12-month-old monolingual infants can 
simultaneously learn two regularities using simplified structures, by reducing the number 
of syllables. However, in this way, from AAB we obtain an AA pattern that has a well-
defined structure, namely words with repeated syllables, such as in “vava”, whereas from 
the nonadjacent repetition based ABA pattern we obtain a diversity-based AB structure, 
namely words with diverse syllables, such as “valu”.  
While the results of Experiment 5 showed that monolingual infants couldn’t learn two 
complex regularities simultaneously, it is possible that they will be able to learn these 
computationally simpler regularities. Presumably these patterns are also more different 
from each other, and thus may be easier to distinguish and learn. If infants will learn only 
one pattern, we can investigate whether diversity-based patters are computationally as 
easy to process as the repetition-based ones, in which case some infants should learn one 
pattern and others the other. However if AA patterns are easier to process, infants should 
learn this pattern but not the AB pattern. A further possibility is that the diversity based 
AB words will be perceived as noise and diminish leaning in general. As discussed 
earlier, diversity-based relations are presumably more difficult to characterize and to 
encode, and infants might not be able to build behavioral predictions on such patterns. If 
so, these structures will make the overall input noisier. However, infants might be able to 
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ignore the “noise” and nevertheless find the well-defined structures (repetition-based 
patterns).  
 
 
METHOD 
3.4.1. Participants 
 
The participants were 16 seven-month-old monolinguals (8 girls, mean age = 7.22) aged 
from seven months 6 days to eight months 3 days; and 16 twelve-month-old 
monolinguals (7 girls, mean age = 12.22) aged from twelve months 5 days to thirteen 
months 5 days. All participants were full term infants with no birth complications. 
Additional 18 infants were excluded (9 twelve-month-olds) because of crying or 
fussiness (n = 12), failing to calibrate the eye tracker (n = 2), side bias (n = 3), or 
experimental error (n = 1). Infants were recruited from Trieste (Italy). 
 
3.4.2. Stimuli 
 
Linguistic stimuli followed two simple patterns. They could have either repeated 
syllables (as in vava), or two different syllables (as in valu). For the familiarization, we 
constructed six AA and six AB nonce words from six syllables (va, lu, da, vu, la, du). 
The two AA and AB structures used for test were constructed from two novel syllables 
(ke, gi).  The items used in familiarization were: vava, lulu, dada, vuvu, lala, dudu, vula, 
vadu, duva, dalu, lavu, luda; and the ones used for test: keke, gigi, gike, kegi. Phonemes 
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were synthesized as previously described.  The visual stimuli were identical to the ones 
used in Experiment 5. Rewards were randomly paired with the linguistic material.   
 
3.4.3. Apparatus 
 
The apparatus was identical to the one used in Experiment 5. 
 
3.4.4. Procedure 
 
The procedure was identical to the one used in Experiment 5. 
 
3.4.5. Scoring  
 
For the scoring and data analysis we took infants’ longest anticipatory looks in the 
generalization phase as described in Experiment 5.  
 
 
3.4.6. RESULTS AND DISCUSSION 
 
Familiarization phase 
 
A two way ANOVA with factors Trial and Structure yielded no significant main effects 
or interactions for the 7-month-olds. However, there was a trend for a main effect for 
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Structure (F(8, 85) = 2.95 P = 0.1) and  a trend for Trial/Structure interaction (F(8, 85) = 
1.63 P = 0.1, see Figure 20). In case of the 12-month-olds an ANOVA with factors Trial 
and Structure yielded no significant main effects or interactions, though if we inspect 
Figure 21 anticipations seem to increase over the trials. These results suggest that 7-
month-olds infants tended to increase their correct anticipations over the trials for the AA 
structures but not for the AB ones, while 12-month-olds tended to increase anticipations 
for both structures, although the scarce nature of the data did not favor significance. 
 
 
Figure 20. Proportion of 7-moth-old bilingual infants correctly anticipating over the trials 
of the familiarization (correct/correct + wrong anticipations). Lines depict linear 
regressions. 
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Figure 21. Proportion of 12-moth-old bilingual infants correctly anticipating over the 
trials of the familiarization (correct/correct + wrong anticipations). Lines depict linear 
regressions. 
 
Generalization phase 
 
As shown in Figure 22 and 23 both seven- and twelve-month-old infants succeeded to 
generalize the AA pattern to new tokens, but not the AB patterns. Infants looked 
significantly more than chance to the correct side when the word had the structure AA (t-
tests seven-month-olds: p = 0.01; twelve-month-olds: p = 0.01), but were at chance for 
the structure AB (t-tests seven-month-olds: p = 0.64, see Figure 22; twelve-month-olds: p 
= 0.44, see Figure 23). Moreover, both groups showed a better performance for the AA 
than the AB structures (paired t-test twelve-month-olds: p = 0.02, seven-month-olds: p = 
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0.02). When comparing the performance of the younger and the older infants, we found 
no significant differences. 
 
 
 
Fig. 22 Normalized difference scores in the test for 7-month-olds (correct looks – wrong 
looks/correct + wrong). Infants looked more to the correct side for AA but not for the AB 
structures. Bars depict standard error. 
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Fig. 23. Normalized difference scores in the test for 12-month-olds (correct looks – 
wrong looks/correct + wrong). Infants looked more to the correct side for AA but not for 
the AB structures. Bars depict standard error. 
 
 
The results of Experiment 7 show that both age groups generalized and implemented the 
AA patterns but not the AB ones. Thus, even if we expose monolingual 12-month-olds to 
possibly more simple structures (AA and AB patterns) they fail to learn both of them 
simultaneously.  
The finding that both 7- and 12-month-olds failed to learn the AB structures confirms that 
processing diversity based-structures is difficult to learn, so is to use a default strategy to 
take non-repetitions as predictors for rewards on the opposite side of the screen. The 
tokens of this structure might have been encoded not as a pattern based on diversity (AB, 
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AB, AB) but as random patterns (AB, CD, EF), making learning and generalization 
impossible. 
Moreover, we found no differences between the two age groups in learning the AA 
structures, though one might have expected 12-months-olds to perform better than 7-
month-olds. This might suggest that the ability to detect repetition-based patterns does 
not change significantly from the 7th to the 12th month of life. Presumably, maturational 
factors play little role in adjacent repetition-based regularity learning.  
In the next experiment we investigate whether 7-month-old monolingual infants, 
similarly to 12-month-olds in Experiment 5, would be able to learn an adjacent repetition-
based pattern that is embedded in a more complex structure (AAB patterns) from an input 
where two regularities are present. 
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3.5. Experiment 8: Learning two structures simultaneously III.  
- 7-month-old monolinguals  
 
 
In the previous experiment we demonstrated that 7- and 12-month old infants are able to 
generalize a repetition-based structure exemplified with bisyllabic items (AA). In 
Experiment 8 we ask whether 7-month-old infants can also generalize trisyllabic items  
(AAB) in a condition where we also present a nonadjacent structure (ABA). We used the 
dame items and methods as in Experiment 5 to test 7-month-old infants. 
 
 
METHOD 
3.5.1. Participants 
 
The participants were 16 seven-month-old monolinguals (8 girls, mean age = 7.16) aged 
from seven months 4 days to seven months 28 days. All participants were full term 
infants with no birth complications. Additional 7 infants were excluded because of crying 
or fussiness (n = 5), side bias (n = 1), or experimental error (n = 1). Infants were recruited 
from Trieste (Italy). 
 
3.5.2. Stimuli 
 
The stimuli were identical to the one used in Experiment 5. 
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3.5.3. Apparatus 
 
The apparatus was identical to the one used in Experiment 5. 
 
3.5.4. Procedure 
 
The procedure was identical to the one used in Experiment 5. 
 
3.5.5. Scoring  
 
For the scoring and data analysis we took infants’ longest anticipatory looks as described 
in Experiment 5.  
 
 
3.5.6. RESULTS AND DISCUSSION 
 
Familiarization 
 
A two way ANOVA with factors Trial and Structure yielded no significant main effects 
or interactions. However, there was a trend for Trial/Structure interaction (F(8, 65) = 
1.75, P = 0.1, see Figure 24). 
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Figure 24. Proportion of infants correctly anticipating over the trials of the familiarization 
(correct/correct + wrong anticipations). Lines depict linear regressions. 
 
 
Generalization 
 
Similarly to the results observed in Experiment 5, seven-month-old infants generalized 
the AAB structures, whereas their performance did not differ from chance for the ABA 
structures. They looked significantly above chance to the correct side when the word had 
the structure AAB (t-tests p = 0.01), and they were at chance for the structure ABA (t-
tests p = 0.50, see Figure 20). They showed a significantly better performance for the 
AAB than for the ABA structures (paired t-tests p = 0.02). When comparing their 
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performance with the performance of the 12-month-old infants in Experiment 5 we found 
no significant differences. 
 
  
 
 
Fig. 25. Normalized difference scores in the test 7-mont-olds (correct looks – wrong 
looks/correct + wrong). Infants looked more to the correct side for AAB (right) but not 
for the ABA structures (left). Bars depict standard error. 
 
Thus, even infants as young as 7-months-old were able to extract the regularity based on 
adjacent repetitions from a more complex structure. The presence of an ambiguous input 
(two structures) did not impair learning of such a pattern, however 7-month-old, just like 
12-months olds in the previous experiment, failed to learn the nonadjacent repetitions.  
In the next experiment we investigate whether nonadjacent repetitions are learnable when 
contrasted with “random” patters. If monolingual infants would master the structures 
based on nonadjacent repetitions in this condition, we could exclude the possibility 
bilinguals in Experiment 6 learned the ABA patterns on the basis of exclusion (whatever 
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is not AAB). Recent research suggests that while tracking adjacent repetitions may relay 
on a simple repetition detector and even newborns are sensitive to such relations, 
nonadjacent relations are processed in a different manner (Gervain et al, submitted). If 
monolingual infants would succeed to learn such nonadjacent repetitions, this would 
suggest that even though they cannot learn them when they are faced with two 
regularities, from which one regularity is more salient (adjacent repetitions), they are 
nevertheless able to learn such relations under different circumstances. 
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3.6. Experiment 9: Generalizing nonadjacent repetitions  
(ABA vs. ABC)  
 
 
In this experiment we investigate whether young infants can extract and generalize 
nonadjacent repetition-based ABA structures. The results observed in Experiment 6 
suggest that bilinguals were able to learn such relations. However, one might argue that 
they learned such relations on the basis of exclusion; and followed the strategy that the 
absence of an adjacent repetition demands an anticipatory look to the opposite side. This 
seems unlikely, since there is no evidence that infants at this age can learn by exclusion 
and moreover, we see no explanation why monolingual infants did not learn by exclusion 
in Experiments 5, 7 and 8.  
Hence, the present experiment was designed to directly investigate whether monolingual 
infants can actually learn nonadjacent identity relations. Previous studies have already 
explored this issue (Marcus et al., 1999), however the results are open to an alternative 
explanation. In this study, Marcus et al. (1999) familiarized infants with ABA patterns 
and then tested them with new ABA and ABB patterns, finding that infants looked longer 
to the ABB patterns. The authors have taken this as evidence for learning the ABA 
patterns, infants thus showing novelty preference for the ABB ones. However, such 
results could be observed even if infants were unable to extract the ABA structures from 
the familiarization. Indeed, when exposed during test to new ABB structures that they 
might easily process relying on a repetition detector, they might have showed a 
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preferential looking to these patterns versus the ABA patterns they were not able to  
learn. 
To test whether infants can indeed deal with nonadjacent identity relations, in Experiment 
9 we exposed 7-month-olds to ABA patterns (such as zamoza) and ABC type “random” 
patterns (such as zamodu). Based on the results of Experiment 7, where we found that 
infants do not learn diversity-based patterns (which are presumably considered as noise 
and ignored), we conjecture that when faced with ABA and ABC patterns they will learn 
the ABA patterns. If infants are able to extract and generalize ABA structures that were 
paired with puppets in a specific location, they should look to the correct location even 
for new ABA exemplars. 
 
 
METHOD 
3.6.1. Participants 
 
The participants were 16 seven-month-old monolinguals (7 girls, mean age = 7.16) aged 
from seven months 5 days to seven months 25 days. All participants were full term 
infants with no birth complications. Additional 8 infants were excluded because of crying 
or fussiness (n = 5), failing to calibrate the eye tracker (n = 1), or side bias (n = 2). Infants 
were recruited from Trieste (Italy). 
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3.6.2. Stimuli 
 
Linguistic stimuli followed two simple patterns. They could have either the first and the 
last syllable identical (as in dubadu), or three different syllables (as in dubalo). For the 
familiarization, we constructed six ABA and six ABC nonce words from six syllables 
(du, lo, za, ba, mo, vu). The two ABA and two ABC structures used for test were 
constructed from four novel syllables (ke, gi, te, ti). The items used in familiarization 
were: dubadu, dumodu, lobalo, lovulo, zamoza, zavuza, dubalo, dumoza, lobaza, lovudu, 
zamodu, zavulo; and the ones used for test: ketigi, gitike, ketike, gitegi. Phonemes were 
synthesized as previously described.  The visual stimuli were identical to the ones used in 
Experiment 5. Rewards were randomly paired with the linguistic material. 
 
3.6.3. Apparatus 
 
The apparatus was identical to the one used in Experiment 5. 
 
3.6.4. Procedure 
 
The procedure was identical to the one used in Experiment 5. 
 
3.6.5. Scoring  
 
The scoring and data analysis were identical to the ones used in Experiment 5. 
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3.6.6. RESULTS AND DISCUSSION 
 
Familiarization phase 
 
A two way ANOVA with factors Trial and Structure yielded no main effects or 
interactions. The population averages for the two structures are depicted in Figure 26.  
 
 
 
Figure 26. Proportion of infants correctly anticipating over the trials of the familiarization 
(correct/correct + wrong anticipations). Lines depict linear regressions. 
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Generalization phase 
 
 As shown in Figure 27 seven-month-old infants generalized the ABA pattern to new 
tokens, but they had a random response to the ABC patterns. Infants looked more than 
chance to the correct side when the word had the structure ABA (t-test p = 0.0005), but 
were at chance for the structure ABC (t-test p = 0.39). Moreover, infants looked 
significantly more often to the correct side when the word had ABA structure than when 
it had an ABC structure (paired t-test p = 0.02). 
 
 
 
Fig. 27. Normalized difference scores in the test (correct looks – wrong looks/correct + 
wrong). Infants looked more to the correct side for ABA (left) but not for the ABC 
structures (right). Bars depict standard error. 
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Seemingly, infants generalized the ABA patterns to new exemplars performing 
anticipatory looks to what would have been the correct side. Thus, monolingual infants as 
young as 7-months, are able to extract nonadjacent relations when faced with a noisy 
input (ABA and ABC structures). They successfully manage to find the right regularities 
and make predictions based on them, by looking to the side where the reward used to 
appear even after hearing new patterns that follow the same structure. Hence the failure 
of 12-month-old monolinguals in Experiment 5 cannot be due to the fact that ABA 
structures are un-learnable for infants. Presumably, the fact that infants learned only one 
of the structures in Experiment 5 is due to the heavy load that simultaneous learning of 
two regularities poses to their executive control functions. The findings of Experiments 
5-9 were followed up in two studies addressing somewhat different issues. In Experiment 
10 we investigated whether repetition-based learning is restricted to physical identity 
relations and explored the level of generalization on which such mechanisms might 
operate. In Experiment 11 we explored the specificity of the advantage bilinguals showed 
when dealing simultaneously with two regularities.  
 
 
 128 
3.7. Experiment 10: The role of physical identity in repetition 
detection – pitch differences (AhBlAh vs. AhAlBh)  
 
 
In the previous studies we found that infants can learn and implement both adjacent and 
non-adjacent repetition-based structures. They successfully extracted both the adjacent 
and nonadjacent repetition patterns and ignored the ill-defined ones, the diversity-based 
ABC patterns. In this study we explore the nature of the mechanisms involved in the 
repetition based learning, by asking whether such learning is restricted to exact physical 
identity. We exposed monolingual 7-month-old infants to AhBlAh and AhAlBh words 
where the superscript depicts differences in the pitch of syllables inside the word (h stands 
for high pitch and l for low pitch). Given the results of Exp 5 and 9, if infants use the 
same mechanisms to generalize over physically identical repetitions (AAB, e.g., ZO-ZO-
MO) and over non-exact identity relations (AhAlBh, e.g., ZOh-ZOl-MOh), they should 
learn the AhAlBh regularity also in this case. Otherwise, they might perceive the AhAlBh 
pattern as three ‘different’ (non-identical) syllables (ACB) and in this case they should 
learn the other pattern (AhBlAh) as they did in Experiment 9, since in this case the 
nonadjacently repeated A syllables are physically identical. 
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METHOD 
3.7.1. Participants 
 
The participants were 16 seven-month-old monolinguals (8 girls, mean age = 7.20) aged 
from seven months 6 days to eight months 2 days. All participants were full term infants 
with no birth complications. Additional 7 infants were excluded because of crying or 
fussiness (n = 4), side bias (n = 3). Infants were recruited from Trieste (Italy). 
 
3.7.2. Stimuli 
 
The stimuli were identical to the one used in Experiment 7, except that the second 
syllable of each word (AhBlAh and AhAlBh) was synthesized with a pitch of 100Hz 
instead of 200Hz used in the previous experiments and for the other two syllables. 
 
  
3.7.3. Apparatus 
 
The apparatus was identical to the one used in Experiment 5. 
 
3.7.4. Procedure 
 
The procedure was identical to the one used in Experiment 5. 
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3.7.5. Scoring  
 
For the scoring and data analysis we took infants’ longest anticipatory looks as described 
in Experiment 5.  
 
3.7.6. RESULTS AND DISCUSSION 
 
Familiarization 
 
A two way ANOVA with factors Trial and Structure yielded no main effects or 
interactions. The population averages for the two structures are depicted in Figure 28.  
 
 
 
Figure 28. Proportion of infants correctly anticipating over the trials of the familiarization 
(correct/correct + wrong anticipations). Lines depict linear regressions. 
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Generalization phase 
 
As shown in Figure 29 seven-month-old infants succeeded to generalize the AhAlBh 
pattern to new tokens, but not the AhBlAh patterns, even though the two A syllables were 
physically identical. Infants looked more than chance to the correct side when the word 
had the structure AhAlBh (t-test p = 0.006), but were at chance for the structure AhBlAh (t-
test p = 0.31).  
 
 
 
Fig. 29. Normalized difference scores in the test for 7-month-old monolinguals (correct 
looks – wrong looks/correct + wrong). Infants looked more to the correct side for AhAlBh 
structures where the two A syllables had different pitch (right) but not for the AhBlAh 
structures (left). Bars depict standard error. 
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The results show that infants generalized the AhAlBh patterns and not the AhBlAh ones, 
suggesting that adjacent repetition-based generalizations are not restricted to exact 
physical identity and may involve computations that operate not only on primary 
perceptual features but possibly on a more abstract level. The results also suggest that 
adjacent relations based on phonological identity are still computationally preferred over 
nonadjacent but physically identical repetitions. 
 133 
3.8. Experiment 11: Making differential predictions based on 
salient perceptual cues (female vs. male voice) 
 
 
To investigate the mechanisms responsible for the bilingual advantage found in 
Experiment 6 we performed Experiment 11. One could think of at least two alternatives 
to explain the results of Experiments 5 and 6, which showed that bilingual infants learned 
both structures (AAB and ABA), whereas monolinguals learned only one (AAB). On the 
one hand, bilinguals might be better in dealing with two structures simultaneously, that is 
in learning an ABA and an AAB regularity where the As and Bs are variable syllables. 
According to this account, monolinguals might have a difficulty in detecting and 
selectively monitoring two structures. 
On the other hand, such advantage might not be related to structure learning, instead, it 
might be due to a general enhancement of bilinguals in simultaneously learning two 
simple contingencies. This latter alternative would propose that both monolinguals and 
bilinguals could detect the structures, however monolinguals had difficulties in the 
simultaneous pairing of these structures with opposite predictions. This latter conjecture 
would predict that monolinguals would also fail in pairing a simple physical 
characteristic of a stimulus (e.g., high pitch or a specific color) with a location and in 
pairing a different characteristic (low pitch or a different color) with an opposite location. 
The first account, in contrast, would not predict such difficulties at this level, since 
infants do not need to track structural regularities in this case.  
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To test these two possibilities, we used the same stimuli as in Experiments 5 and 6, 
except that we included a pitch manipulation. The words differed not only in their 
structure but also in their pitch (e.g., female for ABA and male for AAB structures). 
Previous research suggests that already 2-month-old infants can discriminate different 
voices on the basis of pitch (Miller, 1983). We tested a new group of 12-month-old 
monolinguals to see whether they can learn to successfully predict the toy locations from 
the different voices. 
 
METHOD 
3.8.1. Participants 
 
The participants were 16 twelve-month-old monolinguals (8 girls, mean age = 12.22) 
aged from twelve months 6 days to thirteen months 5 days. All participants were full term 
infants with no birth complications. Additional 8 infants were excluded because of crying 
or fussiness (n = 5), side bias (n = 3). Infants were recruited from Trieste (Italy) and 
matched for their parents socioeconomic status with e other groups. 
 
 
3.8.2. Stimuli 
 
The words were identical to the one used in Experiment 5, except that we used different 
voices for the two structures. If we used a female voice (DE7soft, MBROLA) to 
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synthesize the ABA structures, we used a male voice (DE4, MBROLA) to synthesize the 
AAB structures, counterbalancing voice, structure and side pairings across infants. 
 
  
3.8.3. Apparatus 
 
The apparatus was identical to the one used in Experiment 5. 
 
3.8.4. Procedure 
 
The procedure was identical to the one used in Experiment 5. 
 
3.8.5. Scoring  
 
The scoring and data analysis was identical to Experiment 5.  
 
3.8.6. RESULTS AND DISCUSSION 
 
Familiarization 
 
A two way ANOVA with factors Trial and Structure yielded no main effects or 
interactions. The population averages for the two structures are depicted in Figure 30.  
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Figure 30. Proportion of infants correctly anticipating over the trials of the familiarization 
(correct/correct + wrong anticipations). Lines depict linear regressions. 
 
 
Generalization 
 
As depicted in Figure 31 monolingual twelve-month-old infants succeeded to generalize 
the two voice-patterns. Infants looked more often to the correct side for both voices 
during the test trials (female: p = 0.01; male: p = 0.01), with no difference between the 
voices (p = 0.63).  
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Fig. 31. Normalized difference scores in the test for 12-month-old monolinguals (correct 
looks – wrong looks/correct + wrong). Infants looked more to the correct side for both 
voices. Bars depict standard error. 
 
Hence, 12-month-old monolinguals successfully learned to predict the toy locations from 
the voices. However, in contrast to bilinguals who learned two structures in Experiment 
6, monolinguals in Experiment 5 did not learn both structures, although, as shown this 
experiment, they can easily pair two surface characteristics of the stimuli to different 
locations. Thus, these results support the conjecture that the advantage of bilinguals is 
related to learning structural regularities and not to simple contingency learning. 
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CHAPTER 3 
 
3.11. General discussion  
 
 
Our results show that 7 and 12-month-old monolingual infants are able to generalize 
salient regularities from a bimodal speech-like input (see Table 3). They could learn 
regularities that rely on adjacent relations, that is, immediate syllable repetitions (AA, 
when faced with AA and AB) and non-adjacent relations (ABA, when faced with ABA 
and ABC). While in these experiments infants were exposed to a well-defined pattern and 
a random pattern, in a different experiment we explored whether infants would learn 
simultaneously two repetition-based regularities (AAB and ABA structures). We found 
that monolingual infants generalized the adjacent identity relations (AAB) to new tokens, 
while showing no learning for the nonadjacent (ABA) identity patterns. This finding 
shows that when exposed to two regularities 12-month-old monolingual infants can learn 
only one regularity. The fact that they learned the AAB patterns suggests that close 
identity relations are more salient and easier to learn than distant identity relations. In 
contrast, 12-month-old bilingual learned both the AAB and the ABA regularities.  
These results led us to conjecture that young infants can employ powerful learning 
mechanisms to deal with a complex speech signal. Moreover, such abilities seem to be 
enhanced in infants who are exposed to two languages from birth. Next we investigated 
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two further issues, one concerning the nature of identity relations, and the other 
investigating whether the advantage of bilinguals is indeed related to learning two 
structures and not to simple contingency learning. 
 
Age Language group 
Exp 
 Fam & Test 
Results 
(Test) 
AA & AB 
 
Learn AA 
but not AB 
 
ABA & ABC 
 
Lean ABA 
but not ABC 
 
AAB & ABA 
 
Learn AAB 
but not ABA 
 
7-months-
olds 
Monolinguals 
only 
 AhBlAh & AhAlBh 
(pitch variation) 
 
36 fam. and 8 
new test trials 
(interleaved) 
Learn AhAlBh 
but not AhBlAh  
 
Monolinguals 
 
AAB & ABA 
 
Learn AAB 
but not ABA 
 
Bilinguals 
 
AAB & ABA 
 
Learn both 
 
 
 
Monolinguals 
 
 
AA & AB 
 
 
Learn AA 
but not AB 
 
12-month-
olds 
Monolinguals 
 
Female & Male 
(AAB – ABA) 
 
 
 
36 fam. and 8 
new test trials 
(interleaved) 
 
 
 
 
Learn both 
 
 
Table 3. Overview of experiments in Chapter 3 
 
In a further experiment we explored the mechanisms involved in the repetition-based 
regularity learning, by asking whether such learning is restricted to exact physical 
identity. Monolingual infants were exposed to AhBlAh and AhAlBh words where the 
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middle syllables of both structures had a lower pitch. The results showed that infants 
generalized the AhAlBh patterns and not the AhBlAh ones, suggesting that adjacent 
repetition based generalizations are not restricted to exact physical identity and may 
involve computations that operate not only on primary perceptual features but possibly 
also on a more abstract level. These results also suggest that infants do attend to the 
structure of the speech stimuli and not only learn a general rhythmic pattern that might be 
given by the repetition of the syllables (e.g., AAB, identical, identical, different). In this 
experiment such a rhythm was disrupted by the pitch differences of the syllables (the two 
A syllables had different pitch). Moreover, in this case both structures (AhBlAh and 
AhAlBh) had a high-low-high pitch pattern and despite of this, infants managed to 
generalize the AhAlBh pattern. 
Next we investigated how specific is the bilingual advantage to deal with two structural 
regularities by asking whether monolinguals are able to develop differential predictions 
using surface features of the cues (male vs. female voices). In this experiment infants 
could learn to use the voice cues to differentially predict the locations of the rewards. 
This suggests that the bilingual advantage observed in Experiment 8 may indeed be 
related to a better ability to deal with structural regularities in speech-like stimuli. When 
the speech-like cue had salient perceptual properties (different voices), also monolinguals 
managed to use it for learning simultaneously two contingencies. This finding also 
contributes to the literature that stresses the importance of voice quality as a source that 
can become permanent despite the presence of competing streams in the environment 
(Newman and Jusczyk, 1996) or movement in space of the speaker.  
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Learning to make predictions based on different voice cues can be done using a single 
surface feature of the cue (e.g. high pitch). However, learning AAB and ABA type of 
regularities may require the extraction of positional relations between the syllables. 
Alternatively, such learning may be done employing an automatic repetition detector that 
is sensitive to both adjacent and nonadjacent repetitions. As discussed in the introduction, 
previous evidence suggests that even newborns can detect adjacent repetitions but fail 
with the nonadjacent ones (Gervain et al., submitted). Thus, while infants might use an 
automatic repetition detector to learn about adjacent repetitions, nonadjacent relations 
(ABA) and non-identical repetitions (AhAlBh) might involve different mechanisms. 
Moreover, it is unlikely that bilingual infants have a better-functioning automatic 
repetition detector, which helps them to detect the adjacent and nonadjacent repetitions in 
our speech-like stimuli. It is more plausible that bilingual infants exposed on daily bases 
to different regularities of two languages develop better abilities to simultaneously 
monitor structural regularities also in artificial stimuli. However, further investigations 
are needed to clarify these issues. Hopefully, our research will spark future studies that 
will not only give answers to the different theoretical issues that remain open but also 
improve the eye-tracking methodology we used in order to have more clear data about 
how the learning of such regularities proceeds. 
In a natural linguistic environment learning and distinguishing utterances of two 
languages can be usually done using their different rhythm, phonetic repertoire or 
phonotactics. However, such cues are not always salient, and bilingual infants can be 
exposed to languages that share such properties. In this case infants will have to find 
other cues to separate the two languages. Not even associating one parent to one language 
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can be an efficient strategy to segregate the two languages, since infants regularly hear at 
least one of the parents speaking both languages or speaking a third language (e.g., 
during communication with the partner).  
We conjecture that for an efficient learning, bilinguals may also learn to use the 
differences in the structural properties of the two languages. Recent evidence suggests 
that infants possess some representation of the organization principles of their native 
language (e.g., word order) already prelexically (Gervain et al., in press). Thus, 
conceivably, bilingual infants do not only develop enhanced executive control abilities 
due to the continuous monitoring of two languages, but also become more efficient in 
extracting conflicting structural regularities from linguistic stimuli. 
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4. FINAL REMARKS AND OPEN QUESTIONS 
 
 
The present thesis explored the psychological mechanisms that enable the developing 
cognitive system to deal with a bilingual linguistic input. More specifically, we 
investigated how different domain-specific and domain-general systems interact in the 
service of language acquisition, and how these systems are shaped by an early bilingual 
exposure. Our primary findings are the following. Bilingual language learning seems to 
involve domain-general executive function (EF) abilities, even at an age when infants do 
not yet produce words. The practice of using of such abilities during language acquisition 
results in their enhancement. Improved EF will, in turn, be used to deal more efficiently 
with conflicting linguistic and non-linguistic representations.  
Previous research suggests that the practice bilingual speakers have in inhibiting one 
language while uttering words in the other language enhances their EF (Bialystok, 2002). 
In contrast, here we propose that not only producing, but even perceiving and processing 
two languages is be sufficient to cause an enhancement of EF abilities in the absence of 
any production.  
We conjecture that bilingual infants represent distinctively the languages they have to 
acquire and that bilingual language learning recruits EF early on in order to deal with the 
representations of the two languages. If so, bilingual infants may use EF extensively even 
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before they start to speak; this, in turn, may lead to an enhanced developmental trajectory 
of these abilities. We investigated this hypothesis by testing monolingual and bilingual 
infants on tasks involving EF. We have observed that 7-month old bilinguals indeed 
outperformed monolinguals on these tasks, supporting our conjecture. Thus, not only 
language switching in production, but also perceiving and processing different languages 
can enhance EF well before the onset of speech.  
In addition to revealing differences in EF between monolingual and bilingual infants, our 
results also speak to the long-standing debate whether bilingual infants start out 
constructing only one language system comprising both of the languages to acquire, or 
whether they represent their two languages separately from the start. As discussed in the 
introduction, some authors claim that infants exposed to two languages initially form a 
common system from the two languages (‘unitary language system’ hypothesis) and will 
start separating them only after the age of three (Leopold, 1978; Volterra & Taeschner, 
1978). In contrast, other authors proposed a ‘differentiated language system’ hypothesis, 
which claims that young bilinguals form two distinct systems corresponding to the two 
languages from very early on (Genesee, Nicoladis, & Paradis 1995; Pearson et al., 1995). 
 Our results seem to support the “differentiated language system” hypothesis. We 
conjecture an EF enhancement we observed in 7-month-old bilinguals is possible only if 
preverbal infants process the two languages distinctively. Only if infants can represent 
differently the two languages, they will be able to selectively attend to them. For such a 
selective learning different EF abilities (e.g., monitoring and attention switching) might 
be required, which will then be enhanced due to this practice. 
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However, one might argue that an EF enhancement might arise even if infants do not 
separate the two languages at the age of seven months; if so, our results would be 
consistent with the “unitary language system” hypothesis. For example, one could argue 
that learning from a more complex linguistic input requires more attention. Bilingual 
infants thus would have to deploy greater attentional control during language acquisition. 
Since executive attention is part of the EF system, such practice might also enhance the 
development of EF abilities, even though bilingual infants have not yet succeeded to 
separate the two languages.  
However, it is unlikely that bilingual infants are unable to separate the two languages 
they are exposed to by their seventh month. Previous evidence showed that infants 
discriminate rhythmically different languages at birth, and prosodically similar languages 
by their forth months (Nazzi, Bertoncini, & Mehler, 1998; Bosch & Sebastián-Gallés, 
1997). Thus, infants can use early on different cues (e.g., prosodic, phonetic or 
phonotactic differences) to separate the languages, which might allow them to selectively 
attend to the two languages and construct different systems. 
Furthermore, the predictions of a “unitary language system” hypothesis are not consistent 
with the results of our second series of studies. This hypothesis would predict that 
bilingual infants construct a single system also when confronted with artificial speech-
like stimuli that contain two regularities. However, this is not what we have discovered. 
12-month-olds bilingual infants extracted and generalized simultaneously two structural 
regularities.  
In contrast, monolingual infants systematically learned only one regularity from the 
artificial stream, independently whether the signal contained two structures or a structure 
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and a random pattern. They managed to extract only one structure and presumably 
considered contrary evidence (the other structure) as noise.  
This finding opens the field for a further conjecture. It is possible that infants exposed to 
a monolingual language input, which contains a well-defined system of regularities, get 
specialized to search for a consistent pattern in speech-like stimuli, and this is why they 
fail to simultaneously learn multiple patterns. Thus, early on, monolingual infants might 
expect the speech input they hear to have a single coherent system of regularities. This 
expectation, of course, will be modified by experience. Indeed, as mentioned earlier, 
infants exposed to two languages demonstrated the ability to learn two conflicting 
regularities simultaneously. Thus, bilinguals presumably allow multiple conflicting sets 
of regularities in speech-like signals. 
It is possible that infants start the task of language acquisition with an expectation about 
the consistency of the linguistic signal. This expectancy will undergo an exposure-
dependent specialization, in the sense that it will allow a single set of regularities or 
multiple ones depending on whether infants are exposed to one language or to two. 
Possessing such an expectancy would help rapid language acquisition. It would also 
diminish the amount of cognitive resources allocated to language learning, since it would 
permit considering as noise all evidence, which does not exactly fit with the current 
“conjectures” of the infant learner.  
Of course, the framework that infants have an expectancy about the coherence of the 
linguistic input needs further support from future studies. However, the fact that infants 
exposed to two languages will learn two rule-systems, while children exposed to pidgin 
languages will construct one language system provides support for such a theory. Pidgin 
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arises from the mixture of two or more languages, it presumably contains inconsistent or 
no regularities (Bickerton, 1984; Muysken, 1988). Nevertheless, children exposed to such 
a communication system will grammaticalize the input and will develop a Creole 
language with a single coherent set of regularities (Bickerton, 1984). Thus, seemingly a 
basic assumption for language learning is postulating a consistent set of regularities.   
However, learning two sets of regularities simultaneously presumably requires not only 
the ability to instantiate two structures, but also well-developed EF. Efficient EF abilities 
might be necessary to deal with a mixed linguistic input, for instance, to simultaneously 
monitor and learn two structural regularities and to rapidly switch attention between 
them. Thus, our data that bilinguals learned two regularities while monolinguals only 
one, could also be explained by enhanced EF abilities in bilinguals, without the need to 
claim that infants actually have an expectancy about the structure of the linguistic input. 
Nonetheless, which of the two accounts is more plausible, or whether an EF advantage 
and an expectancy about the speech-like input together would result in a better account, 
are questions for further research. 
In conclusion, the studies presented in this thesis suggest that exposure to two languages 
leads to domain general changes, which will change, in turn, how language is acquired, 
but will also change developmental trajectories in other domains (see Appendix on the 
effect of bilingualism on reasoning about mental representations). Such early 
enhancements presumably do not imply that bilingualism leads to radical representational 
changes in the developing cognitive system. Instead, they indicate that exposure to two 
languages from birth seems to result in specific processing changes from the very early 
stages of development. 
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CHAPTER 5.  
 
APPENDIX 
 
 
The long-term interests of an early inhibitory investment: 
Bilingual’s advantage in reasoning about conflicting mental 
representations 
 
 
 
In a new series of experiments we asked whether an improvement in executive functions 
would be reflected in a better performance of bilinguals in mental state attribution tasks, 
since inhibitory abilities might play a crucial role in performing on such tasks. These 
tasks require inhibition to overcome a salient response when reasoning about conflicting 
mental representations. The experiments described in Chapter 2 and 3 showed that young 
infants exposed to two languages from birth have an executive function advantage and 
are more efficient in learning simultaneously two structural regularities. While all these 
studies were performed with infants, a with methodology involving an eye tracker and 
digital stimuli, in the forthcoming studies we extended the findings to an older age-group 
(three-year-olds), using real objects and investigated a the domain social reasoning. 
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The standard view in the field holds that children arrive to master mental representations 
in a similar manner to adults only after the age of four, leading researchers to propose 
that this competence has a well-defined developmental trajectory (Wellman, Cross, & 
Watson, 2001). Alternatively, it was proposed that reasoning with mental constructs is an 
innate human-specific ability, and the observed developmental differences reflect the 
maturation of other abilities required for solving ToM problems, such as the executive 
functions (Leslie, German & Polizzi, 2005). EF are necessary to deal with the conflicting 
representations involved in ToM tasks (true and false beliefs). Since the results from the 
first two series of experiments suggest that bilingual exposure seems to improve EF 
already from young infancy, and bilingual children were found to have an advantage in 
EF compared to their monolingual peers (Bialystok, 1999), it is possible that bilingualism 
promotes success in ToM tasks due to enhanced EF abilities involved in these tasks.  
In two studies we compared the performance of three-year-old Hungarian-Romanian and 
Slovenian-Italian bilingual with Romanian and Italian monolingual children, respectively, 
on standard and modified false-belief tasks. These tasks had different inhibitory demands, 
and should thus depend on EF in different ways.  
 150 
 
 
5.1. Theory of mind development: competence vs. performance 
accounts 
 
Complex social interactions require the ability to recognize that humans are driven by 
unobservable mental states, such as goals, plans and beliefs. By taking into account other 
people’s beliefs and desires, which may be different from our own, we are able to 
understand situations that otherwise would be hard to explain.  
The term “theory of mind” (ToM) refers to the ability to ascribe beliefs, desires and 
intentions to oneself and to others, and to predict and interpret others’ behavior 
depending on these mental states. ToM is linked to the development of social 
competence, and its impairment may be an important feature of the autistic disorders 
(Baron-Cohen, Leslie & Frith, 1985). Adults use mental state reasoning in their every-
day life with a great facility, possibly in an automatic manner (Friedman & Leslie, 2004; 
but see Apperly et al., 2006). Children, in contrast, seem to have difficulties in 
understanding complex mental states before the age of four (Wellman, Cross, & Watson, 
2001). Although already young infants are sensitive to some unobservable mental 
contents, such as goal-directedness and intentionality (Gergely, Nádasdy, Csibra, & Bíró, 
1995), attributing goals to agents is not always sufficient to make correct predictions 
about other’s actions. Subjective representations of the external world, that is, beliefs that 
may or may not coincide with reality, modulate the final outcome of people’s behavior. 
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 There might be special circumstances that help young children in making inferences 
about mental states. In two studies we investigate the mechanisms by which one such 
circumstance, namely, to grow up in a bilingual environment influences ToM reasoning. 
Experience with diverse mental states in language switch situations may help bilingual 
children to develop ToM competencies earlier. These circumstances can make bilinguals 
aware that interlocutors may not know both of their languages. Alternatively, the practice 
bilinguals have in controlling multiple languages may enhance the development of their 
executive control abilities, which in turn would enable them to perform better on ToM 
tasks that require such abilities. Preschool-aged bilingual children in fact outperform 
monolinguals on executive control tasks (Bialystok, 1999).  
Developmental transitions in understanding others’ beliefs have often been assessed 
using the so-called false-belief task, which became commonly used to test ToM in 
children (Baron-Cohen, Leslie, & Frith, 1985, Wimmer & Perner, 1983). In this task, the 
first protagonist hides an object in location A. In her absence, the second protagonist 
transfers the object from location A to location B.  In the test phase, children have to infer 
that the first protagonist will look for the object where she falsely believes it to be 
(location A). Most children succeed in this task after the age of four, while younger 
children typically fail by erroneously predicting that the protagonist will look for the 
object where it really is.  
There is an ongoing debate about the mechanisms responsible for the development of 
ToM abilities, often referred to as the competence-performance debate (Wellman, Cross, 
& Watson, 2001, Scholl & Leslie, 2001). On the one hand, an important change may take 
place in children’s conceptual competence during the preschool years, and the ability to 
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deal with complex belief representations may emerge in this period (Wellman, Cross, & 
Watson, 2001; Wimmer & Perner, 1983). Younger children fail on ToM tasks because 
they cannot reason about complex mental states, such as beliefs (Perner, 1991). If so, 
successful performance in false-belief tasks may reflect the emergence of an 
understanding of others (and oneself) in terms of mental contents.  
This competence change may take place due to the children’s growing experience with 
certain conjectures. By the age of four, they may have encountered diverse situations 
where they perform an action but fail to achieve their goals (e.g., they search for the ball 
in the box where they hid it but cannot find it). They may then come to explain these 
unsuccessful actions by inferring critical differences between their own mental 
representations (they thought the ball was in the box) and the reality (the ball is not 
there). Eventually, experience with such situations could help them in understanding how 
complex mental states (that is, beliefs that can be true or false) guide behavior, and thus 
in developing ToM (Brown, Donelan-McCall, & Dunn, 1996, Sabbagh et al., 2006).  
In contrast to this experience-based competence change account, the difference between 
the three- and four-year-olds in succeeding on ToM tasks can be viewed as a marker of 
change in specific performance factors, rather than a conceptual change (Bloom & 
German, 2000; Fodor, 1992; Leslie, German & Polizzi, 2005, Scholl & Leslie, 2001). 
According to this scenario, children possess basic ToM abilities (that are possibly innate 
and modular) before the age of four, but solving a typical false-belief task requires the 
development of other abilities, such as problem solving (Fodor, 1992) or inhibition and 
selection (Leslie, German & Polizzi, 2005, Carlson, Moses & Hix, 1998). A change in 
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these domain-general performance factors could be responsible for the success of older 
children in ToM tasks.  
Leslie and collaborators  (Leslie & Polizzi, 1998, Leslie, German & Polizzi, 2005) 
proposed a dual-component model of ToM reasoning. The first constituent, the theory of 
mind mechanism (ToMM), allows us to represent beliefs and desires, may be domain-
specific with strong innate basis. However, the ToMM in itself is not sufficient for 
effective false-belief reasoning, because, in such situations, the default assumption that 
beliefs are usually true has to be inhibited. Hence, a domain-general component was 
introduced, the selection processor (SP) that matures gradually and is responsible for the 
inhibitory demands of the ToM tasks. If the inhibitory requirements are increased, even 
children who pass the standard task have difficulties in solving these ToM problems 
(Leslie, German & Polizzi, 2005).  
Many studies suggest a functional link between ToM and the development of high-level 
control abilities also labeled as executive functions (EF; Carlson & Moses, 2001; Leslie 
& Polizzi, 1998). Evidence for a ToM – EF relationship comes from several fields. 
Autistic children show associated impairments in ToM and EF (Oznoff, Pennington, & 
Rogers, 1991), normally developing children show age related improvements in EF also 
around the age of four (Gerstard, Hong, & Diamond, 1994), and individual performance 
on ToM correlates with performance on EF tasks (Carlson & Moses, 2001).  
As a response to the performance change proposals, advocates of the conceptual change 
account (Wellman, Cross, & Watson, 2001) argued that performance factors cannot 
convincingly explain why developmental changes are still observable with simpler, 
computationally less demanding versions of the standard ToM task (Freeman & Lacohee, 
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1995). However, recent data seem to provide further support to the performance change 
accounts (Southgate, Senju & Csibra, in press). Studies suggest that already 13 to 15-
months-old infants expect an actor to search for an object based on the actor’s beliefs 
about its location in non-verbal tasks (Onishi & Baillargeon, 2005; Surian, Caldi & 
Sperber, in press). 
In the present study, we introduce a novel approach in order to tell apart two hypotheses 
derived from a competence and a performance account. We investigate how growing up 
with two languages from birth  (“crib bilingualism”) could influence children’s 
performance in false-belief tasks.  
Our first hypothesis was inspired by the experience-based competence change account 
claiming that young children initially have difficulties in representing mental states, but 
as they grow older, experience provides them with rich opportunities to reflect upon the 
difference between their own mental states, those of others, and the reality. This, in turn, 
will help them to develop ToM abilities (Brown, Donelan-McCall, & Dunn, 1996, 
Sabbagh et al., 2006). Even a short training with mental state reasoning in laboratory 
conditions (by giving children feedback in the standard task) can improve performance 
on ToM tasks (Melot & Angeard, 2003).5  
Children living in a bilingual environment may often encounter situations where they 
gain extra experience about conflicting mental representations. When a bilingual child 
                                                
5 Still, outside the laboratory a change in ToM competence may happen due to factors unrelated to 
experience (e.g., maturational factors). However, since we are not aware of evidence about differences in 
such factors between bilingual and monolingual children, it seemed pertinent to test the experience-based 
view of conceptual change in these studies. 
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addresses a monolingual one in the language that the latter does not speak, the failure of 
communication may not be processed in the same way by the two children, because only 
bilinguals can resolve the conflict by actively switching languages. Such situations may 
make bilinguals aware of a difference between their own mental contents (that is, their 
known languages) and that of a monolingual. Indeed, there is good evidence that 
bilingual children know that interlocutors may not speak both of their languages, since 
they address them in the appropriate language before the age of three (Genesee, 
Nicoladis, & Paradis, 1995, Pettito et al., 2001).  
As the competence change account presented above holds that exposure to conflicting 
mental states may assist children in developing ToM, it would predict that the richer 
experience of bilinguals with differing mental contents in language switch situations may 
give them an advantage in solving ToM problems. Possibly, in order to appropriately 
switch languages, crib bilinguals develop an understanding about certain attributes of 
others’ mind. If so, bilinguals might be selectively advantaged in solving false-belief 
problems in language-switch situations.     
However, there is also a performance change scenario according to which bilinguals may 
perform better on ToM tasks. Crib bilinguals may show an advantage on ToM tasks due 
to their precociously developed inhibitory and selection processes, since these seem to be 
important also for false-belief inferences. Indeed, there is growing evidence that 
inhibitory control seem to be more efficient in bilingual adults (Bialystok et al., 2004; 
Costa, Hernández, & Sebastián-Gallés, in press), and also in preschool-aged bilingual 
children (Bialystok, 1999). It is thus possible that the inhibitory abilities of young 
bilinguals are sharpened during the extensive practice in selecting one language and 
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inhibiting the other one. Exercise with tasks that require inhibition can actually improve 
children’s performance on ToM tasks (Kloo & Perner, 2003). Hence, bilinguals’ practice 
in language selection may transfer and enhance performance in all ToM tasks that 
involve inhibition. 
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5.2. Experiment 13 
 
Bilingual 3-year-olds outperform monolinguals on standard 
ToM tasks  
 
In Experiment 13 we compare three-year-old bilinguals and monolinguals on a standard 
ToM task, a modified ToM task and a control task involving physical reasoning. The 
modified ToM task mimicked a language-switch situation that bilinguals often encounter 
and that may influence their ToM abilities. If such experience contributes to an early 
consolidation of ToM in bilinguals, they should be selectively enhanced in the modified 
task. In contrast, if bilinguals have an advantage due to better executive inhibitory 
abilities involved in ToM tasks, they should outperform monolinguals on both ToM 
tasks, inhibitory demands being similar. 
Both the competence and the performance accounts predict that bilingual children 
outperform monolinguals on the language-switch ToM task, but not on the control task. 
For the standard ToM task, however, the two accounts may make different predictions. 
According to an experience-based competence change account, experience with 
language-switch situations trains bilingual children to develop ToM. Hence, they should 
be selectively enhanced to solve false-belief problems in such situations. Previous studies 
suggest that the performance of three-year-olds on different ToM tasks is not necessarily 
“all or nothing”; a child may succeed on one task, but may well fail another (Wellman & 
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Bartsch, 1988). Small modifications can make the task more “salient” and thus easier, for 
example by emphasizing a previous representation, introducing a second object, or 
modifying the test question (Freeman & Lacohee, 1995; Wellman & Bartsch, 1988). 
Thus in our case bilinguals should be better on the modified ToM task that depicts a 
language switch context. 
The performance change account, in contrast, makes a different prediction. If bilinguals 
are better in ToM tasks because of a general advantage in inhibitory processing, they 
should out-perform their monolingual peers on both the modified and standard ToM 
tasks, because these are structurally similar and pose equal executive demands.6  
 
 
METHOD 
 
5.2.1. Participants 
 
Thirty-two Romanian-Hungarian bilingual (mean age = 3.3, age-range 2.10 - 3.6, 16 
females) and 32 Romanian monolingual children (mean age = 3.3, age-range 2.10 - 3.6, 
16 females) participated in the study.  Additional 12 children were excluded for not 
                                                
6 According to a third account, solving ToM tasks in bilingual contexts may be actually harder for 
bilinguals than for monolinguals. Since bilinguals can speak both languages they may not understand why a 
monolingual would misunderstand a speaker. However, this seems to be inconsistent with the fact that 
bilingual children address members of their community in the appropriate language before the age of three 
(Genesee, Nicoladis, & Paradis, 1995). If they found hard to conceive that speakers may not understand 
both of their languages, it is difficult to see why they switch languages according to their interlocutors. 
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performing all the tasks or failing the memory questions (see Procedure). The criteria 
used to select bilinguals were to have: a) parents of different mother tongues addressing 
the child in their native language; and b) daily exposure to both languages from the 
parents. The parents completed a questionnaire about the children’s language use and 
exposure. The groups were matched for socio-economic status and intelligence on the 
Binet test (Lénárt & Baranyai, 1972; adaptation after Standford-Binet scale, Terman & 
Merrill, 1960) and the WPPSI-R test (Kun & Szegedi, 1996; adaptation after Wechsler, 
1989). The children’s scores were: Binet mental age monolinguals 110 (SD = 11), 
bilinguals 109 (SD = 9), ns; WPPSI-R total raw scores: monolinguals 5.2 (SD = 1.7) vs. 
bilinguals 5.4 (SD = 1.5), ns (vocabulary subscale: 5.6, SD = 1.7 vs. 5.4, SD = 1.4, ns). 
The two groups were recruited from the same kindergartens of two Romanian cities 
(region of Transylvania), where both languages are spoken. Participants were from 
middle and upper middle class families.  
 
5.2.2. Materials 
 
In the standard ToM task we used a colored illustration of a short false-belief story 
(Wimmer & Perner, 1983). In the modified ToM task (see below) we used two easily 
distinguishable dolls and two illustrated cards, one with a picture of an ice-cream stand 
and the other with a sandwich stand. In the control task we used a mechanical cardboard 
device (“gizmo”) and small plastic toys. The gizmo was constructed by gluing a 
cardboard tube into a larger cardboard box in a 30˚ angle. In the middle of the tube, a red 
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rod was inserted, which could block the tube and prevent the toys from falling (Zaitchik, 
1990). 
 
 
5.2.3. Procedure 
 
The children were tested individually in a quiet area of their kindergarten. All children 
performed the three tasks in counterbalanced order. The tasks were presented in the 
language of instruction in the children’s preschool group. In the standard ToM task 
(Wimmer & Perner, 1983) children were told the story of a boy who puts his chocolate in 
a cupboard; in his absence his mother moves it into another cupboard. The test question 
was: “Where will the boy look for the chocolate when returning to the room?” Children 
were excluded if they gave an incorrect answer to one of memory questions, namely  
“Where did the boy put the chocolate in the beginning?” and “Where is the chocolate 
now?”. 
The modified ToM task (Figure 1) was constructed to be structurally similar to the 
standard task as far as ToM is concerned, and it mimicked a language-switch situation. In 
this task children had to infer a false belief taking into account others’ knowledge of 
diverse languages. The scenario was the following. Two characters, a monolingual and a 
bilingual puppet, want to buy ice-cream. There are two stands, one selling ice-cream and 
the other sandwiches. As the characters approach, the ice-cream vendor announces in the 
language that the monolingual puppet does not speak that he has run out of ice-cream but 
that the sandwich vendor has some. This phrase was translated and it was pointed out that 
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the monolingual puppet did not understand what the vendor said. The test question was: 
“Where will the monolingual puppet go to buy ice-cream?”  
 
ICE
CREAM !
ICE
CREAM !
IN HUNGARIAN: NO MORE
ICE CREAM ! GO TO THE
SANDWICH STAND !
QUESTION:
WHERE WOULD THE
ROMANIAN BOY GO ?
ROMANIAN
MONOLINGUAL
ROMANIAN-HUNGARIAN
BILINGUAL
ICE CREAM
ICE CREAM
SANDWICH
SANDWICH  
 
Figure 1 The schematic illustration of the modified ToM task (Kovács, in press). 
 
To control for general information processing differences, we used the gizmo task 
developed by Zaitchik (1990). This task is claimed to be structurally similar to ToM tasks 
because it entails the prediction of two possible outcomes of physical events depending 
on different antecedents, while lacking the need of reasoning about mental contents. We 
had a mechanical device of cardboard composed of a container and a tube. The tube had a 
rod, which could be pulled or pushed to free or block the passage through the tube. Toys 
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were dropped into the tube and the children were required to predict the final location of 
the toys when the rod was pulled out and when it was pushed in.  
 
 
5.2.4. RESULTS AND DISCUSSION 
 
The percentage of children succeeding on the three tasks is depicted in Figure 2. Twice as 
many bilingual children passed the standard and the modified ToM task as monolinguals, 
but children performed similarly on the control task. Bilinguals performed better on both 
ToM tasks than monolinguals (ToM: p = 0.01; MToM: p = 0.03, Fisher’s exact). 
Bilinguals were thus enhanced on both ToM tasks and their performance was not 
different on the modified and the standard task (McNemar Binomial p = 0.34, ns). Nor 
did monolinguals perform differently on the two ToM tasks (McNemar Binomial ns., p = 
0.72). Children’s performace on the two ToM tasks was significantly correlated (phi 
coefficient = .41, p = .002).  
We then performed an analysis with the factors group (monolingual vs. bilingual) and 
task type (ToM vs. control).7 We found a main effect of task, χ2(1,N=64) = 16.5, p < 
0.01, and an interaction between the factors group and task type, χ2(1,N=64) = 4.3, p < 
0.05, but no effect of group. We followed up the interaction with separate analyses for the 
two tasks. There was an effect of group for the standard ToM task, χ2(1,N=64) = 7.9, p < 
0.01, but not for the control task. Participants thus performed globally better on the 
                                                
7 We compared the control task to the standard ToM task rather than to the combined counts of the ToM 
tasks to have the same number of data points in both conditions. However, the results of this analysis (or an 
analysis considering only the modified ToM task) are virtually the same as the results reported here. 
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control task than on the ToM task, and, crucially, bilinguals had a higher performance 
than monolinguals on both ToM tasks but not on the control task. 
 
 
 
 
 
Figure 2 Percent of children succeeding on the standard ToM (left); the modified ToM 
(middle); and the control task (right). 
 
Taken together, the results show that bilingual children have an important advantage over 
their monolingual peers that is specific to performing ToM tasks. The effect of 
bilingualism cannot be explained with differences in general information processing 
abilities, as we found no effect of group on the control task. Nor can it be due to the other 
factors we controlled for, such as different socio-economic status or intelligence. 
Performance on verbal and non-verbal intelligence scales and ToM tasks did not correlate 
(r = .12, ns; r = .10, ns). We can also rule out the possibility that the two ToM tasks 
differed in general complexity, since monolinguals had a similar performance on both 
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tasks. This can be taken as a baseline to compare the performance of bilingual 
participants.  
The enhanced performance of bilingual children on the two ToM tasks might be due to 
their better inhibitory abilities involved in such tasks. As mentioned earlier, there is 
indeed independent evidence for improved inhibitory control abilities in bilingual 
children (Bialystok, 1999). This scenario predicted a main effect of group with a similar 
advantage of bilinguals on both ToM tasks. Our results show precisely such an effect. 
Hence, they are consistent with the predictions of the account that the bilingual advantage 
may be inhibition-related. 
In contrast, the data do not seem to support the predictions derived from a competence 
change account based on specific experience. This account holds that experience with 
language-switch situations would lead to an early consolidation of ToM in bilinguals. 
Thus, it predicts that the advantage of bilinguals should be specific to the modified task, 
because this task mimics a context similar to the situations that presumably train 
bilinguals to develop their ToM competence. In contrast, bilinguals showed a general 
enhancement and outperformed monolinguals on both the standard and the modified 
ToM tasks.  
These results thus seem to fit well with a performance change account of ToM 
development. Still, there may be yet other possible scenarios that would emphasize 
conceptual changes. For instance, bilingual children may notice that a concept has two 
equivalent verbal labels, one in each language. This, in turn, may help them in 
maintaining alternative mental representations, which is necessary also for false-belief 
tasks. While monolinguals assign two labels to an object only around the age of four 
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(Perner et al., 2002), bilinguals must learn much earlier how to deal with them for 
successful communication. Another conjecture would be that bilingual children have 
better representational abilities due to better-developed linguistic capacities.  
To further investigate whether bilinguals perform better on standard ToM tasks due to 
better-developed inhibition, we performed Experiment 14. 
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5.3. Experiment 14 
 
Decreasing the inhibitory demands of the ToM tasks: would 
there still be a bilingual advantage?  
 
In Experiment 14 we compared a different group of monolinguals and bilingual on ToM 
tasks that require high inhibition and on tasks that involve low inhibition. If they have 
and advantage due to enhanced inhibitory abilities, they should outperform monolinguals 
on the tasks involving high inhibitory demands but not on the task with low inhibitory 
demands. In contrast, a conceptual change account would predict that bilinguals are 
enhanced in all ToM tasks. Additionally we investigated whether the advantage we 
observed in bilingual children in the previous experiment may be due to more developed 
linguistic capacities of bilinguals. De Villiers & Pyers (2002) proposed that syntactic 
complements (e.g., grammatical arguments that are embedded under mental state verbs) 
might provide the representational basis for encoding false beliefs. Other studies 
suggested that general language abilities are related to ToM understanding (Astington & 
Jenkins, 1999; Tardiff, So & Kociroti, 2007). Thus here we compared monolinguals and 
bilinguals on three ToM tasks, a control task, and on tasks developed to test how children 
understand syntactic complements.  
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METHOD 
 
5.3.1.Participants 
 
Twenty-eight Romanian-Slovenian bilingual (mean age = 3.7, age-range 2.11 - 4.4, 15 
females) and 28 Italian monolingual children (mean age = 3.8, age-range 3.0 – 4.4, 15 
females) participated in the study. Additional 5 children were excluded for not 
concluding the study and during the matching. Children were matched for IQ (WPPSI- 
monolinguals 6.1 vs. bilinguals 5.9, ns.), vocabulary (PPVT- monolinguals 79 vs. 
bilinguals 76, ns.), and for the socio-economic status of the parents.  
 
5.3.2. Materials 
 
For the presentation of the tasks we used colored illustrations (for the standard ToM task 
the same as in Experiment 13) or puppets.  
 
 
5.3.3. Procedure 
 
The children were tested individually in a quiet area of their kindergarten. All children 
performed the five tasks in counterbalanced order: the Standard ToM task, the Hungry 
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dog task, the Posting task, the Control task and a grammatical task. The tasks were 
presented in the language of instruction in the children’s preschool group.  
The standard ToM task (Wimmer & Perner, 1983) was identical to the task used in 
Experiment 13.  
In the Hungry dog task (Low inhibition ToM task 1) we decreased the saliency of the last 
event in the story in order to avoid a reality bias (that children indicate the real location of 
the object). The scenario was the following: Maria puts her candy in a box and leaves. A 
hungry dog comes, moves the candy to the other box, but finally decides to eat it, than 
leaves. Children are asked: Where will Maria look for her candy when returning to the 
room? This task supposedly poses little inhibitory demands for children in inhibiting the 
salient location of the object, since the object disappears from the scene. 
In the Posting task (Low inhibition ToM task 2) developed by Freeman & Laochee 
(1995) the saliency of the first event is increased. This is an unexpected content ToM 
task, where children can anchor their previous belief to an action: they have to put a 
picture of a chocolate in an envelope. During the child is asked to guess what is in a 
typical chocolate box, and then has to choose a picture of the chocolate from other 
pictures and to put it in an envelope. Later the child is shown that the box contains 
pencils. Test question: What did you think it was inside the box when you posted the 
picture?  
To control for general information processing differences in reasoning about an earlier 
state of reality that is in conflict with the current state of the art, we used a drawing task 
similar to the one used by Zaitchik (1990). In this task there is a bunny on the table and 
the child draws the bunny sitting on the table together with the experimenter. Then the 
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second experimenter takes the bunny to sleep. The drawing is turned face down and the 
child is asked: Where does the bunny sit in the drawing? 
 
 
 
Fig. 3 Illustrations used to test understanding tensed complements: a “Ana thought 
that father bought chocolate, but he didn’t buy anything. What did Ana think?”; b 
“Lisa thought that Luca was sleeping, but he was watching TV. What did Lisa 
think?”; c “Laura said that there was a cat on the table, but in fact it was not on the 
table. What did Laura say?” d “Roberto said that mother went skiing, but she went to 
the city. What did Roberto say?” 
 
The task developed to test understanding tensed complements was similar to the one used 
by De Villiers & Pyers (2002). Children were presented with tensed complements that 
involved mental verbs or communication verbs and could contain a reality bias (‘hard 
sentences’ involving a prepotent response that might interfere with performance, see 
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Figure 3). Then, they were asked a comprehension question. The four sentences children 
were presented with were: 
a. Think easy (no bias): “Ana thought that father bought chocolate, but he didn’t buy 
anything. What did Ana think?”  
b. Think hard: “Lisa thought that Luca was sleeping, but he was watching TV. What 
did Lisa think?” 
c. Say hard: “Roberto said that mother went skiing, but she went to the city. What did 
Roberto say?”  
d. Say easy (no bias): “Laura said that there was a cat on the table, but in fact it was 
not on the table. What did Laura say?”  
 
 
5.3.4. RESULTS AND DISCUSSION 
 
The percentage of children succeeding on the three ToM tasks and the control task is 
depicted in Figure 3. Twice as many bilingual children passed the standard ToM task as 
monolinguals, but children performed similarly on the Low inhibition ToM tasks and the 
control task.  
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Fig. 4 Percent of children succeeding on the standard ToM, the Low inhibition ToM tasks 
and the control task 
 
 
Comparing monolinguals and bilinguals on the five tasks we found significant 
differences between the two groups only on the Standard ToM task (Fisher’s exact p = 
0.01). 
Figure 5 shows the percent of children performing correctly on the grammatical tasks. 
Comparing the performance of the two groups we found no significant differences. 
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Fig. 5 Percentage of children succeeding on the grammatical tasks 
 
These results suggest that the bilingual advantage in solving standard ToM tasks is not 
due to better grammatical abilities, as there was no difference between the groups in 
understanding tensed complements. Furthermore, it seems that the bilingual advantage is 
restricted to the standard ToM tasks, which involve a prepotent response.  
Thus the data suggests that the most plausible explanatory framework for the bilingual 
advantage in the classic ToM tasks is an inhibitory account. Bilingual children gain lot of 
practice in inhibiting knowledge structures while they continuously switch languages. 
This extra practice gives them an advantage in solving ToM tasks that involve inhibition.  
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CHAPTER 5 
 
 
 
5.4 General discussion  
 
 
 
 
Together the results of the last two experiments suggests that bilingual children have an 
advantage on the standard ToM tasks but not on ToM tasks that require reduced 
inhibitory abilities. Experiment 13 showed that significantly more bilinguals succeeded 
on the standard ToM task and a ToM task depicting a language-switch situation, while 
they did not differ in general information processing, intelligence or socio-economic 
status from monolinguals. Experiment 14 showed that bilinguals have an advantage only 
for those ToM tasks that pose high inhibitory demands, while they perform similarly to 
their monolingual peers on the low inhibition tasks. These results provide further 
evidence about how the maturing EF may contribute in solving ToM problems by 
showing that being exposed to two languages from birth enhances the development of EF 
and thus boosts performance in ToM tasks.  
We conjecture that bilinguals’ extensive practice in selecting and monitoring two 
languages - possibly beginning already in the crib8 - may result in improved inhibitory 
                                                
8 Kovács (2007a) reports a study where crib bilinguals and monolinguals were tested on ToM and 
executive function tasks. Bilinguals showed a better performance on some of the tasks; however, children 
were not matched for intelligence and general processing abilities. Conversely, a study comparing the 
performance of children who entered a foreign language kindergarten after the age of two with that of 
monolinguals did not find differences in the critical standard false-belief task, but the first group showed a 
slightly better performance on other ToM related tasks (Goetz, 2003). Seemingly, exposure from birth to 
two languages plays an important role in such performance.  
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processing, which thus may give them an advantage in all ToM tasks that involve 
extensive inhibitory control.  
Their well-developed inhibitory abilities might help bilinguals to perform ToM tasks on 
at least two levels. When dealing with beliefs, bilinguals might be better at overcoming 
their true beliefs (that may act as a default), and thus succeed earlier in considering 
others’ mental content, even though it may be consistent neither with their own beliefs 
nor with reality (Leslie, German & Polizzi, 2005). On the other hand, at the response 
level, they may be better at inhibiting an object-related prepotent response involved in the 
ToM tasks. Such prepotent responses could be the tendency to indicate locations where 
objects really are, even if children may know that others do not share this knowledge 
(Carlson, Moses & Hix, 1998). The latter possibility receives plausibility from the 
observation that bilingual children outperform monolinguals on other tasks that require 
the suppression of a previously valid prepotent response (Bialystok, 1999).  
In conclusion, our data that three-year–old bilinguals outperform monolinguals in ToM 
tasks in language-switch and standard contexts that involve high inhibition, bring new 
evidence to the competence-performance debate of ToM reasoning, suggesting that basic 
ToM abilities may be present before the age of four. However, it is unlikely that the 
advantage of bilinguals we observed here is due to a change in a core human competence. 
Already infants may perceive their conspecifics as similar to them in a critical way, that 
is, as intentional agents driven by unobservable mental states (Onishi & Baillargeon, 
2005). A more plausible possibility is that crib bilingualism leads to an enhancement of 
control abilities that are required for successful performance in a typical ToM task.  
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Crib bilingualism results in changes that go well beyond the language domain and can 
speed up the development of abilities important for socio-cognitive development. Such 
powerful cross-domain enhancements are reflected in the performance of bilingual 
children while having to deal with false-belief situations.  
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